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application is incorporated herein by reference in its entirety. 

* 

BACKGROUND OF THE INVENTION 

Field of the Tnyemicwi 

This invention relates to compounds which inhibit leukocyte adhesion 
and, in particular, leukocyte adhesion mediated by VLA-4. 
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AU Of the above publications, patents and patent applications are 
herein incorporated by reference in their entirety to the same extent as if 
each individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entii«y. 

State of Am ^„ 

VLA-4 (also referred to as o4pl integrin and CD49d/CD29). first 
identified by Hemler and Takada'. is a member of the pi integrin fi«ni!y of 
cell surface receptors, each of which comprises two subunits, an a chain and 
a p chain. VLA-4 contains an a4 chain and a pi chain. There are at least 
nine pi iategiins. all sharing the same pi chain and each having a distinct a 
chain. These nine receptors all bind a differem complement of the various 
cell matrix molecules, such as fibronecUn. laminin, and collagen. VLA-t. 
for example, brads to fibronectin. VLA^ also binds non-matrix molecules 
that are expressed by endothelial and other cells. These non-matrix 
molecules include VCAM-l. which is expressed on cytoldne-activated 
human umbUical vein endothelial ceUs in culture. Distina epitopes of VLA- 
4 are responsible for the fibronectia and VCAM-l binding activities and each 
activity has been shown to be inhibited independently.^ 
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ImerceUuIar adhesion mediated by VLA^ and other cell surface 
receptors is associated with a number of inflammatory responses. At the site 
of an irguxy or other inflammatory stimulus, activated vascular endothelial 
cells express molecules that are adhesive for leukocytes. The mechanics of 
leukocyte adhesion to endothelial cells involves, in part, the recognition and 
binding of ceU sur&ce receptors on leukocytes to the corresponding cell 
surfece molecules on endothelial cells. Once bound, the leukocytes migrate 
across the blood vessel wall to enter the injured site and release chemical 
mediators to combat infection. For reviews of adhesion receptors of the 
30 immune system, see. for example. Springer^ and OsborU'. 



Inflammatoiy brain disorders, such as experimental autoimmune 
encephalomyelitis (EAE). raultipie sclerosis (MS) and meningitis, are 
examples of central nervous system disorders in which the 
endothelium/leukocyte adhesion mechanism results in destruction to 
otherwise healthy brain tissue. Large numbers of leukocytes migrate across 
the blood brain barrier (BBB) in subjects with these inflammatory diseases. 
The leukocytes release toxic mediators that cause extensive tissue damage 
resulting in impaired nerve conduction and paralysis. 

In other organ systems, tissue damage also occurs via an adhesion 
mechanism resulting in migration or activation of leukocytes. For example, 
it has been shown that the initial insult following myocardial ischemia to 
heart tissue can be ftmher complicated by leukocyte entry to the injured 
tissue causing still further insult (Vcdder et al.*). Other inflainmatory 
conditions mediated by an adhesion mechanism include, by way of example, 
asthma". Alzheimer's disease, atherosclerosis'"'", AIDS dementia", 
diabetes" '* (including acute juvenile onset diabetis). inflammatory bowel 
disease" (inchiding ulcerative colitis and Crohn's disease), multiple 
sclerosis'*-", rheumatoid arthritis'"', tissue transplantation", mmor 
metastasis^", meningitis, encephalitis, stroke, and other cerebral traumas, 
nephritis, retinitis, atopic dermatitis, psoriasis, myocardial ischemia and 
acute leukocyte-mediated lung injury such as that which occurs in adult 
respiratory distress syndrome. 

In view of the above, assays for determining the level of VLA-4 in a 
•biological sample containing VLA.4 would be useful, for example, to 
diagnosis VLA-4 mediated conditions. Additionally, despite these advances 
in the understanding of leukocyte adhesion, tiie an has only recemly 
addressed the use of inhibitors of adhesion in the treatment of inflammatory 
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braln diseases and other inflammacory conditions^*. The present invention 
addresses these and other needs. 
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SUMMARY OF THE INVENTION 
This invention provides compounds which bind to VLA-4. Such 
compounds can be used, for example, to assay for the presence of VLA^ in 
a sample and. in pharmaceutical compositions, to inhibit cellular adhesion 
mediated by VLA-4. for example, binding of VCAM-1 to VLA-4. The 
compounds of this invention have a binding affinity to VLA.4 as expressed 
by an IQ, of about 15 mM or less (as measured by Example 98 below) which 
compounds are defmed by formula I below: 



20 
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30 



R» O 

" R'-sOj-n(r»>c^2<:h^-oh , 

I I 

H R* 

where , 

R* is selected from the group consisting of alkyl, substioited alkyl. 
aryl. substituted aryl, cydoalkyl. substituted cycloalkyl, heterocyclic, 
substioited heterocylic. heteroaiyl and substioited heteroaryl; 

R' is selected from the group consisting of hydrogen, alkyl, 
substioited alkyl. cycloalkyl, substimted cycloalkyl. cydoalkenyl. substimted 
cycloalkenyl, heterocycUc, substioited heterocyclic, aryl, substimted aryl. 
htteroaiyl. substimted heteroaryl, and R' and R» together with the nitrogen 

atom bound to R» and die SO, group bound to R' can form a heterocyclic or 
a substimted heterocyclic group; 

R* is selected from die group consisting of hydrogen, alkyl. 
substimted alkyl, cycloalkyl, substimted cycloalkyl. aryl, substimted aryl, 
heteroaryl, substimted heteroaryl, heterocyclic, substimted heterocyclic and. 
when R» does not form a heterocyclic group with R'. R» and R» together wiUi 
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* the nitrogen atom bound to R» and the carbon atom bound to R* can form a 
heterocyclic or a substituted heterocyclic gtoap; 

R^ is -(CHi).-Ar-R^' where R»' is selected from the group consisting 
of .-NR'^(Z)NR'R«- and -NR'^(Z)R" wherein R« is selected from the 
5 group consisting of hydrogea. alkyl and aryl. R» and R« are independently 
selected fam the group cocsisting of hydrogen, alkyl. substimted alkyl. 
aryl, substituted aryl, cycloalkyi, substimted cycloalkyl. heterocyclic, 
substimted heterocyclic, heteroaryl and substimted heteroaryl provided that 
when Z is oxygen, at least one of R* and R»' is sustimted alkyl. cycloalkyl, 
10 substimted cycloalkyl. samrated heterocyclic other than morpholino and 

thiomorpholino, substimted heterocyclic or R» and R» can be joined to form 
a samrated heterocycle other than morpholino or thiomorpholino. a samrated 
substimted heterocycle or a samrated/unsanirated heterocycle having an 
amino group substimted with an alkoxycarbonyl substimem. and further 
15 provided diat when Z is sulfur, at least one of R« and R*' is a group odier 
than aryl, substimted aryl. heteroaryl or substimted heteroaryl. R" is 
selected from the group consisting of samrated heterocycle other than 
morpholino and thiomorpholino. substimted heterocycle. and Z is selected 
from the group consisting of oxygen, sulfur and NR« where R" is as defined 
20 above. 

At is aryl, substimted aryl, heteroaryl or substimted heteroaryl. 
* is an integer of from 1 to 4; 

Q is -C(X)NR^ wherein R* is selected from the group consisting of 
hydrogen and alkyl; and X is selected from the group consisting of oxygen 
25 and sulfur; 

and pharmaceutically accepuble salts thereof 

with tiie proviso tiiat when R' is p-CHj-<|)-. Q is -NHC(O)-. and R^ 

and R» are joined to form a pyrrolidinyl group, then I? is not /7-[-NHC(0>-2- 

(l-Boc-4-Cbz-pipera2inyl)].ben2yI- or p-[-NHC(0)-2-(l-Boc-pipera2inyl)l. 
30 benzyl-. 
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In another embodiment, the compounds of this invention can also be 
provided as prodrugs which convert (e.g.. hydrolyze. meubolize. etc.) in 
vivo to a compound of formula I above. In a pieferml example of such an 
embodiment, the carboxylic acid of the compound of formula I is modified 
into a group which, in vivo, will convert to a carboxylic acid (including salts 
thcreoO. In a particularly preferred embodimem. such prodrugs zic 
represented by compounds of fbnnula lA: 

« 

I I, 
H R* 

15 where 

R' is selected from the group consisting of alkyl, substituted alkyl, 
aryl. substinited aiyl. cycloalkyl. substiuted cydoalkyl. heterocyclic, 
substituted heterocylic. heteroaiyl and substinited heteroaryl; 

R* is selected from the group consisting of hydrogen, alkyl. 
subsUnited alkyl. cycloalkyl. substinited cycloalkyl. cycloalkenyl. substimted 
cydoalkenyl. heterocyclic, substinited heterocyclic, aiyl, substiuted aiyl. 
heteroaiyl. substimted heteroaryl. and R' and R» together widi die nitrogen 
atom bound to R* and the SO, group bound to R« can form a heterocyclic or 
a substituted heterocyclic group; 
25 R» is selected from the group consisting of hydrogen, alkyl. 

substiiuted alkyl. cycloalkyl. substimted cycloalkyl. aryl. subsUmted aryl. 
heteroaryl, substituted heteroaiyl. heterocyclic, substinited heterocyclic and, 
when R» does not form a heterocyclic group with R', R» and R' together with 
the nitrogen atom bound to 1? and the carbon atom bound to R» can form a 
30 heterocyclic or a substinited heterocyclic group; 

R' is KCH^rAr-R*' where R»" is selected from the group consisting 
of -NR'K:(Z)NR«R« and -NR«C(Z)R" wherein R'^ is selected from the 
group consisting of hydrogen, alkyl and aryl, R« and R** are independenUy 
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ftlected from the group consisting of hydrogen, alkyi, substituted aJkyl, 
aryl, substituted aryl, cycloalkyl» substituted cycloalkyl, heterocyclic, 
substituted heterocyclic, heteroaryl and substituted heteroaryl provided that 
when Z is oxygen, at least one of R* and R«' is sustituted alkyl, cycloalkyl, 
5 substituted cydoaUcyl, sanirated heterocyclic other than morpholino and 

thiomorpholino, substituted heterocyclic or R* and R'* can be joined to form 
a saturated heterocycle other than morpholino or thiomorpholino, a saturated 
substituted heterocycle or a saturated/unsanirated heterocycle having an 
amino group substimted with an alkoxycarbonyl substituent, and further 
10 provided that when Z is sulfur, at least one of R? and R*' is a group other 
than aryl, substituted aryl, heteroaryl or substituted heteroaryl, R*^ is 
selected from the group consisting of saturated heterocycle other than 
morpholino and thiomorpholino, substimted heterocycle, and Z is selected 
from the group consisting of oxygen, sulfur and NR'* where R*^ is as defined 
15 above. 

At is aryl, substimted aryl, heteroaryl or substimted heteroaryl, 
X is an integer of from 1 to 4; 

R* is selected from the group consisting of 2.4-dioxo-tetrahydrofuraii- 
3-yl (3,4-enoi), amino, alkoxy, substimted alkoxy, cycloalkoxy, substimted 

20 cycloalkoxy. -CKN-succinimidyl), -NH-adamantyl, -0-cholest-5-en-3.p.yl, - 
NHOY where Y is hydrogen, alkyl, substimted alkyl, aryl, and substimted 
aryl, -NH(CH2)pC00Y where p is an integer of from 1 to 8 and Y is as 
defined above, -OCHiNRTl'^ where R* is selected from the group consisting 
of -C(0)-aryl and -C(0)-substimted aryl and R'° is selected from the group 

25 consisting of hydrogen and -CH^COOR" where R" is alkyl, and -NHSO^Z 
Where Z is alkyl, substimted alkyl, cycloalkyl, substimted cycloalkyl, aryl, 
substimted aryl, heteroaryl, substimted heteroaryl, heterocyclic and 
substimted heterocyclic; 
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Q is -C(X)NR^ wherein is selected from the group consisting of 
hydrogen and alkyl; and X is selected from the group consisting of oxygen 
and sulfur, 

and pharmaceutically acceptable salts thereof 

with the proviso diat when R' is p^Hy^, Q is -NHC(0)-. and R^ 
and R' are joined together with the nitrogen atom pendent to I? and the 
carbon atom pendent to R» to form a 3.3-dimethylpyrrolidinyl group, then R» 
is not/>.[(piperidin-*.yI)C(0)NH]-benzyl-. 

Preferably, in die compounds of formula 1 and lA above. R' is 
selected from the group consisting of alkyl, substimted alkyl, aryl, 
substinited aryl, heterocyclic, substimted hcterocylic, heteroaryi and 
substimted hetertaiyl. Even more preferably R« is selected from the group 
consisting of 4.methylphenyl, methyl, benzyl. «.butyl, 4^1orophenyl. 1- 
naphthyl. 2.naphthyl, 4-methoxyphenyI. phenyl. 2.4.6.trimethylphenyl. 2- 
(methoxycarbonyl)phenyl. 2-carboxyphenyl. 3Jslichlorophenyl. 4- 
trifhioromediylphenyl, 3.4^chlorophenyl. 3.4^imethoxyphenyl, 4- 
(CH,C(0)NH-)phenyl, 4-trifluoromethoxyphenyl. 4<yanophenyl. isopropyl. 
3.5mi-<trifhioromcdiyl)phenyl, 4-f-butylphenyl. 4-f-butoxyphenyl. 4- 
nitrophenyl. 2-thienyl. l-N-mediyl-3-methyl-5-chlQropyra2ol^yl. 
phcnethyl, l-NHnediylimidaa)l-4-yl. 44)romophenyl. 4-amidiiiophenyl. 4- 
methylamidinophenyl, 4.(CH,SC(-NH)Jphenyi, 5KAloro.2-thienyl. 2,5- 
dichlonM^hienyl. l-N-methyl-4-pyra2olyl, 2-thiazolyl, 5-methyH.3,4- 
thiadiazoM-yl. 4KH,NC(S)lphenyl. 4.aminophenyl, 4.fluorophenyl. 2- 
fluoiophenyl. 3-fluorophenyl, 3.5^ifhiorophenyl. pyridii».3-yl. pyrimidin-2- 
yl. 4K3'^iniethylanuno./i-propoxy)-phenyl, and l-methylpyrazol^yl. 



30 



Preferably, in the compounds of formuU I and lA above. I? is 
hydrogen, methyl, phenyl, benzyl. -{CH^.2-thienyl. and <CH^^. 
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* la one embodiment. R' and together with the nitrogen atom bound 
to R^ and the SO, group bound to R' are joined to form a heterocyclic group 
or subsumted heterocyclic group. Preferred heterocyclic and substimted 
heterocyclic groups include those having from 5 to 7 ring atoms having 2 to 
5 3 heteroatoms in the ring selected from nitrogen, oxygen and sulfur which 
ring is optionally fused to another ring such as a phenyl or cyclohexyl ring to 

provide for a fused ring heterocycle of from 10 to 14 ring atoms having 2 to 

4 heteroatoms in the ring selected from nitrogen, oxygen and sulfur. 

Specifically preferred R'/R' joined groups include, by way of Example. 
10 benzisothiazolonyl (saccharin-2-yl). 

In one preferred embodimem. R^ and R^ together with the nitrogen 
atom bound to the R» substimem and the carbon bound to the R' substituent 
form a heterocyclic group or a substituted heterocyclic group of 4 to 6 ring 
15 atoms having 1 to 2 heteroatoms in the ring selected from nitrogen, oxygen 
and sulfur, which ring is optionally substimted with 1 to 2 substiments 
selected from fluoro. methyl, hydroxy, amino, phenyl, thiophenyl and 
thiobenzyl. or can be fused to another ring such as a phenyl or cycloalkyl ' 
ring to provide for a fused ring heterocycle of from 10 to 14 ring atoms 
having I to 2 heteroatoms in the ring selected from nitrogen, oxygen and 
sulfur. Such heterocyclic rings include azetidinyl (e.g.. L-azetidinyl). 
thiazolidinyl (e.g.. L-thiazolidinyl). piperidinyl (e.g.. L-piperidinyl). 
piperizinyl (e.g.. L-piperizinyl). dihydroindolyl (e.g.. L-2.3.dihydroindol-2- 
yl). tetiahydroquinolinyl (e.g.. L-1.2.3.4-teirahydroquinolin-2.yl). 
thiomorpholinyl (e.g.. L-thiomorpholin-3-yl). pyrrolidinyl (e.g.. 
L'pyrrolidinyl), substimted pyrrolidinyl such as 
4-hydroxypyrrolidinyl (e.g.. 4-o-(or p-)hydroxy-L-pyrrolidinyl). 
4-fluoropyrrolidinyl (e.g.. 4-a-(or P-)fluoro-L-pyrrolidinyl). 
3-phenylpyrrolidinyl (e.g., 3-a.(or p-)phenyl-L-pyrrolidinyl). 
3-thiophcnylpyrrolidinyl (e.g., 3-a-(or p-)thiophenyl-L-pyrrolidinyl), 
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4-aminopyrrolidinyl (e.g.. 4-a-<or P-)ainino-L-pyrn>IidinyI). 
a-methoxypyrrolidinyl (e.g.. 3-o-(or P-)niethoxy-L-pyrrolidmyl). 
4,4Hlunethylpynolidinyl. substituted piperizinyl sucb as 4.N-Cb2- 
piperizinyl, substituted thiazolidinyl such as 5.5^1imethyIthiazoIindiii-4-y|. 
l.l-dioxo-thiazolidinyl (e.g.. L-l,l-dioxo.thiazolidin-2-yl). substituted 
l.l-diox(Mhiazolidinyl such as L-l.Mioxo.5.5-diinethylthia2olidiii.2-yI. 
1.1-dioxothiomoipholinyl (e.g., L-l.lKlioxo.thioniorphoIin-3-yl) and the 
like. 
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Preferably, in the compounds of fonnula I and lA above, includes 
all of the isomers arising by substitution with methyl, phenyl, benzyl. 
diphenylmed»yl. -CH,CH,-COOH. -CHj^TOOH. 2.amidoethyl. iso-batyl, 
r-buiyi. -CHjO-benryl and hydroxymethyl. Additionally, in another 
preferred embodiment, R' and R» together with the nitrogen atom bound to 
R* can form a heterocycUc group or substimted heterocyclic group. 



Q is preferably -C(0)NH- or -C(S)NH-. 



Preferably Ar is aryl or substimted aryl and more preferably phenyl 
20 or substituted phenyl. In another preferred embodiment, x is 1. 

R* is preferably selected from aU possible isomeis arising by 
substitution with the following groups: 

4-[.NHC(0)CH(CH,)NHBoclbenzyl.4-[.NHC(0)CH(CH,<t>)NHBoc}- 
25 benzyl, 4.C-NHC(OHN.Boc).pyrrolidin.2.yl)l.benzy|., 

4-[.NHC(S)NHCH,CHjCH,^]4,enzyl, 4-[-NHC(S)NHCH,C3I,-<j)J-benzyl, 
4.[-NHC(OH2',3'-dihydro.N.Boc-indol-2-yl)l.benzyl.4.(.NHC(0)-3'KN- 
Boc).piperidinyll-ben2yl.4.(-NHC(S)NHCH,CH,-(N-morpholino)l.benzyl. 
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4-{.NHC(0H'-piperidmyl]beniyl. 4-(-NHC(OV(r.2'.3'.4'-tetrahydro-N- 
Boc-isoquinolin-l '-yll-benzyl. 4-I-NHC(S)NHCH,CHjCHr(N-morphoImo)J- 
benzyl. 4-[-NHC(S)NH(CH,)j-l-pipcridinyl]-bcnzyI. 
4-[-NHC(S)NH(CHj)j-N-morpholino)-beii2yl, 4-f-NHC(0)-L-2'- 
pyrrolidinyI.N-SO,-4'.mcthylphenyll.benzyl, 4-[.NHC(0).piperidin-3 -yl]- 
benzyl. 4-f-NHC(OHN.(4'.CH3-<t>-SO,)-L.pyrrolidin.2'.yl)J-ben2yl. 
4-(-NHC(0)NHCHjCH,Ht)J-benzyl, 4.[(1 '^bz-piperidm-*'- 
yl)C{0)NH-Ibenzyl. 4-[(l '-Boc-pipcridiiv4'-y|)C(0)NH-Jben^l. 
4-[-NHC(0)-l '-methylpiperidm-4'-yl.]benzyI. 4-f-NHC(0Hl '-N-Boc)- 
piperidin-2'-yl]-benzyl, 4-[(Et)iNCH,CHiCHjNHC(S)NH-Ibenzyl. 
4-[(l'-Boc-4'-hydroxypyrrolidin-2'.yl)C(0)NH-]benzyl. 
4-[<|)CH:CH,CH,NHC(S)NH-]benzyi. 4.[(perhydromdolm-2'- 
yl)C(0)NH-Jbenzyl, 4-t(l '-Boc.perhydromdolin-2'.yl)-C(0)NH-]benzyl, 
4-[4'-hydroxypyrroUdiii-2'.yl)C(0)NH-]benzyl. 4-(EtNHC(S)NH)benzyl, 
4-((|>CHiNHC(S)NH)ben2yl, 3-[(l '-Boc-piperidin-2'-y l)C(0)NH.]beiizyl. 

3- [(l '-Boc-piperidm-4'-yl)C(0)NH-]bcnzyl. 3-[piperidm-2'-yl-C(0)NH- 
]benzyl. 3.[piperidin-4'.y|.C(0)NH.)benzyl, 3-[(l'-Boc-pyrroIidin- 
2'-yl)C(0)NH-lben2yl. 4-{(3'-Boc-thia2olidin-4'-yl)C(0)NH.)benzyl. 

4- (CH3-NHC(S)NH)benzy|.. 4-[(pyrrolidm-2'-yl)C(0)NH-]benzyl. 
4-[(MtoIuenesulfonylpyrTolidin-2'.yl)C(0)NH-]butyl, 
4-[-NHC(0>l '-N-Boc-piperidin-2'-y n-benzyl, 

4-(.NHC(0)-piperidiiH2'-yl)-benzyl,4.((I'-N-Boc-2'.3'-dihydroindoliii-2'- 
yO-C(0)NHl-benzy 1 , 4-[(l '-Cbz-pipcridin-4'-yl)C(0)NH-]benzyl. 
4-[-NHC(0Hr ,2' .3 ' .4'-tetxahydro-N-Boc-isoquinolm-3 '-yl]-beazyl. 
4-((l '-Boc-piperidin-4'-ylx:(0)NH-]benzyl. 4-{(l '- 
methoxycarbonylpiperidin-4'.yl)C(0)NH-]ben2yl, 4.((4'-phenylpiperidiiHt'- 
yI)C(0)NH-lbenzyl. 4-{(4'-phenyH '-Boc-piperidm-4'-yI)-C(0)NH-]beiizyI. 
4-[(4'-methylpipera2in-r.yl)C(0)NH-]ben2yl, 4.((pyrTolidin.2'- 
yl)C(0)NH-lbenzyl. 4.[.NHC(0Vpipcridin-r-yI]benzyl. 4-((thiomorpholin. 
4'-yl sulfone)-C(0)NH.]ben2yI. 4-(-NHC(0)-4'-(l- 
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benzylpiperidinyl)]beittyl. 4.(.raC(0Hl ^2^3^4^tet^ahydro.N-Boc- 
qumolin.2'-yl].benzyl. 4.l(pyrroUdin-l'.y|)C(0)NH-]benzyl and 4-[(l. 
cyclopropylpipcridiiM'-yl)C(0)NH-)benryl. 

In the compounds of foniiuJa lA. R? is preferably 2.4-dioxo- 
tetrahydrofuran-3-yI (3.4^nol). methoxy. ethoxy. iro-propoxy. „-butoxy. 
/-butoxy, cyclopemoxy. «o-pemoxy, 2-o-ift^pn)pyl-4-p- 
methylcyclohexoxy. 2.p.isopropylwt.p^yicyc|ohexoxy. ' 
-NH,. benzyloxy. -NHCH^COOH. -NHCH,CH,COOH. -NH-adamantyl 
-NHCH,CH,COOCH,CH,. -NHSO,-p-CH,-*. -NHOR« where R' is 
hydrogen, methyl. «o-propyl or benzyl, OHN-succinimidyl). 
-0-choIest-5-en-3-P-y|. -OCH,-OC(0)C(CH,),. -0(CHJ^HC(0)W where z 
is 1 or 2 and W is selected from die group consisting of pyrid-3-yl. N- 
methylpyridyl. and N-metiiyl.i.4^ihydro-pyrid-3-yl. -NRX(0)-R' where 
R' is aryl. heteroaryl or heterocyclic and R" is hydrogen or 

-cHjC(0)oc:hjCh,. 

Preferred compounds within the scope of formula I and lA above 
include by way of exan^Ie: 

A^(tolucne-4.sulfonyl).L.prolyl-4.{2S-l-(re,r-butoxy. 
carbonyl)py,Tolidine.2-carboxamidol.L-phenylalanine methyl ester 

AKtohiene-4-sulfonyl).L-prolyl-4.[M(rert.butoxy- 
carbonyl)nipccotamido].L-phenylalanine 
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^:(toluene^sulfonylVL-prolyl^{3-(2-(morpholin-4.yl)cthylJ- 
thioureido}-L-phenylalanme methyl ester 

^ ^-(»olucne-4-sulfonyl)-L-prolyl^isoiupecotanudo)-L-phenylalanine 

M(toluene-4-sulfonyl)-L-prolyl-4-f3S-2-(«fT-butoxycarbonyl)- 
1.2J.4-tetrahydroisoquiijoline-3-carboxaniido]-L-phenylalanine 

M{toluene-4-suIfonyl)-L-prolyI-4-{3-[2-(morpholin-4-yI)ethyn- 
10 thioureido}-L-phenylalanine 

Ar-(toluene-4-sulfonyl).L-prolyl-4.{3.[2.(morpholin-*-yl)ethyl]- 
thioureido}-L-phenylalanine methyl ester 



M(toluene^-sulfonyl)-L-prolyl-4-{3-[2-(piperidin- 1 -y Oethyll- 
thioureido}-L-phenylalaniiie 

M(toluene^sulfonyl)-L-prolyl^{3-[3-(morphoUn-4-yi)propyn. 
thioureido}-L-phenylalanine 

AKtoluene-4-sulfonyl)-L-prolyM-[2S-l-(toluene-4- 
suIfoiiyl)pyrrolidine-2-carboxamidoJ-L-phenyIalaiune methyl ester 

AMtoluene-4.sulfonyl)-L-prolyM-(nipccotamido)-L-phenylalanine 

M(toluene-t-sulfonyl)-L.prolyl-4-[2S-l-(toluetK. 
4-sulfonyl)pyrroIidine-2-carboxamido)-L-phenylalanine 



^-(toluene-4-sulfonyl)-L-prolyl-4-P-(2-phenylethyl)ureido]-L- 
30 phenylalanine 

M(tolueiie-4-sulfonyl)-L.prolyl-4-{isonipecotamido)-L-phenylalanine 
methyl ester 



45 



AKtoluene-4-sulfonyl).L-prolyl-4-(A?./grt-butoxycarbonyl- 
isonipecotamido)-L-phenylalanine 

AKtoluene-4-sulfonyl)-L-prolyl-3-{M/«n-butoxycarbonyl- 
isonipecotamido)-L-phenylaianine methyl ester 

M(toluene-4-sulfonyl)-L-prolyl.3-(iV-rerr-butoxycarbonyl- 
isonipecotamido)-L-phenylalanine 

Ar-(tolucne-4.sulfonyl).L.prolyl-3-(isonipecotamido)-L-phenylalanine 



10 
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M(toIuene-4-sulfonyl)-L-proIyI.3^W-/*/T-buioxycarbonyl- 
pipecolinainido).L.phcnylalanine methyl ester 

Z-carboxamidoVL-phenylalanine methyl ester 

A^KtoJi«ne-Wsulfonyl)-L-pn,lyM-(l.^^^^^ 
2-carboxamido)-L-phenylalaoinc / 

^^°|^-^«^fooy')-L-prolyl-4Kisoiupecotaiiudo)-L-pitt 

/VKtoluene^sulfonyl).L.proIyW-(2S-l.fm-lwtox^ 
pyTTolidme-2warboxamido)-L-phenylalanine 

Ar-(tolurae^sulfonyl)-Li)rolyl^{H^^^^ 
thioureido}.L-phenylalanine methyl ester 



20 



25 



iVKtoluenew|.sulfonyl).L.prolyI^2S.l-rert.butoxycart^ 
4-hydfoxypyrTolidine-2-carboxamido)-L-phenylalaimje methyl ester 

AKtolii«K^fonyl).L-prolyI-4.{3-(3-phenylpropyl)thioureidol-^ 
pnenylalanine 

J^^;2J^"^fo°yI)-L-prolyl-4-[3K2-phenylethyl)thioureido)-^^ 

A^(tolueoe-4-sulfouyl)-L.pro!yI-4.[l./ert.butoxycarbony|. 
perhydroiiidoIe.2KarboxamidoJ-L-phcnylalaiune 

f<^'««^'«tf<>nyl)-L-proIyl^2S-44ydroxypyrrolidme- 
z-carboxanudo)-L-phenylalaaine methyl ester 

M<tohiene-4.sulfonyl)-L-prolyl-4.(3.(ethyl)thioureido]-L- 
phenylalanine methyl ester 



30 



40 



45 



Ar-{tolueiie-4.sulfonylVL-prolyI^2S-Uert-butoxycarboiiy|. 
4-hydroxypyrrolidine-2-carboxamido)-L-phenylalaniiie 

AKtolueije-4-sulfonyl)-L.proIyl-4.{3-(ethyl)thioureidol.L- 
phenylalanine 



A^-(toIuene-4-sulfonyl)-L-prolyl-4-(3-(benzyl)thioureidoJ-L- 
phenyUlanine methyl ester 

A^-(toluene-4.sulfonyl).L-prolyl.3-(MrcrT-butoxycarbonyl- 
pipecolinaniido)-L-phenylalanine 

A^-(toluene-4.sulfonyl>L-prolyl-3-(pipecolinamido)-L-phenylaIanine 

A^-(toluene-4-sulfonyl)-L-pfolyI-4-(2R-3-/ert-butoxycarbonyl- 
thiazdlidine-4-carboxamido)-L-phenyialaniae 

AKtolueiie-4-sulfonyl)-L-prolyl-4-(2R.3-/e/t-butoxycarbonyl- 
thiazolidine-4-carboxamido)-L-phenylalaniiie methyl ester 

A^-(toluenc-4-sulfonyl)-L-prolyl-4-[3-(methyl)thioureido]-L- 
phenylalanine 

A/'-{toluene-4-sulfonyl)-L-prolyl-4-(3-(benzyl)thioureido]-L- 
phenylalanine 

M(toIuene^sulfonyl)-L-(5,5-dimethyl)diiaprolyl- 
4-(isonipecotamido)-L-phenyialaniiie 

A'^(toluene^sulfonyl)-L-prolyl-H2S-pyrroUdine-2<arboxamido)-L- 
phenylalanine methyl ester 

A|'-(toiuene-4-sulfonyl)-L-prolyl^[1.4-di(fert-butoxycarbonyl)pipera- 
zine-2-carboxamido]-L-phenyIalanine methyl ester 

A^(toluene-4-sulfonyl)-L-prolyl-4-[l,4-di(rert-butoxy- 
carbonyl)piperazii]e-2-carboxamido]-L-phenylalanine 

M(toluene-4-sulfonyl)-L-prolyl-4-(piperazine-2-carboxamido)-L- 
pheiiylalanine 

AMtoluene-4-sulfonyl)-L-prolyl-4-(iV./err-butoxycarbonyl- 
pipecoliiiamido)-L-phenylalaniiie 

Ar-(tohaene-4-sulfoiiyl)-L-prolyI-4KpipecoliiiamidoVL-phenylalaninc 

A''-(tol»ieije-4-sulfonyl)-L-prolyl-4-(A/-rm-butoxycarboiiylpipecolin- 
amido)-L-phenylalanine methyl ester 

M(toluene-4-sulfoayl)-L-prolyl-4.[l.(fm-butoxycarbonyl)indoline-2- 
carboxamldo]-D-phenylalaiune 
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jV^toluene^«,lfony|).L.prolyI^A^^ 
isoaipecoianudo).D-phenylalaiune 

^'<toluenewt.sulfonyI)-LKthiamorphoIinO<arbonvI)^W t^n 

/m.butoxycarbonyIfaoiupecotanudo).L-phenylaiani« 

buioxycarbonylisonipecotamidoK-phenylalanine ^ 

A^-(tolueiie-»-suIfonyI>L-(thiamorphoIia.3<tfboiiyI)^ 
(isompecotainido)-L-phenylalaniije "^ny^^ 

AKtoIuene^sulfonyl^Ml.l-dioxotli^ 
(isompecotainido)-L-phenyIalaniiie ^-'^nyiy^ 

AKtolucne^sulfonyl>L-(3J-dimethyl)proty^^^ 



phenyiaianine 

30 'i^^r^''''^'^-'-^'y'^^^^--^oyL. 



A^(ioluene^sulfonyl).L-(3jKiinicihyl)proIyl-HAr-/m. 
butoxycarbonylisonipecotamidoH.pheiiylalanine ethyl ester 



iVKtolueiie^suIfonylVL-(3.3^imethyl)prolyl^A^^^^^ 
^ butoxycarboio,lisonipecotamido).I^heiylaL« 



ester 



carboxamidol-L-phenylalanine 
« <'«""P«otanudo)phenylalanine ethyl ester -"^^roonyij 



^-(toluene-4-sulfonyl)-L-[(l , I-dioxo)thiamorpholin-3-<:arbonylJ-L-4- 
(isonipecotainido)phenylalaaine isopropyl ester 

M(toluene^sulfonyl).L-prolyl-4.(pipecolinamido)-L-phenylaJamne 
ethyl ester 

M(toIuene-4-sulfonyl)-L-prolyI-4.[2S-(Mre/r-butoxycarbonyl- 
pipecoiinamido)]-L-phenylalanine ethyl ester 

AHtoluene-*-sulfonyl).L-prolyl^[3S-2-(rerr-butoxycarbonyl)- 

1.2,3.4.tetrahydroisoquinoliiie-3-carboxainido]-L-phenylalanine 
ethyl ester 

AHtoluene-*.sulfony!)-L-[(l . I -dioxo)thiamorpholin-3<arbonyl]-L4- 
(Ar-meihoxycarbonylisonipecotamido)phenylalaiiine ethyl ester 

M(tolucne-4-sulfonyl).L-[(l . 1 -dioxo)thiainorpholin-3-carbonyl]-L-4- 
(isonipecotamido)phenylalanine cyclopentyl ester 

yV-(toliieiie-4-sulfonyl)-L-proly|.L-4-(4.pheny|.isonipecot. 
ainido)phenyIalanine ethyl ester 

//-(toluene-4-sulfonyl)-L-prolyl-L-4-{A^-/err-butyloxycarbonyl-4. 
phenyl-isoiiq)ecotainido)phenylalanine ethyl ester 

A/^(toluene-4-sulfonyl).L-prolyl-L-4-(isonipecotainido)phenyl-alanine 
ethyl ester 

^-(a-toluenesulfony l)-L-prolyl-4-Cl -(rerr-butoxycarbony l>- 1,2.3.4- 
tetrahydroisoqumoline-2-carboxamidol-L-phenylalanine ethyl ester 

//-(o-toluenesulfonyl)-L-prolyl-L-4-(A^fert-butyloxycarbonyl- 
isompecotamido)phenyialaiuiie ethyl ester 

A^(a-toluenesulfonyl)-L-proIyl-L-4-{isonipecotainido)phenylalanine 

AKtoluene-4-sulfonyl)-L-t(l . l-dioxo)thiainorpholin.3-carbonyl]-L-4- 
(isonipecotainido)phenylalanine /i-butyl ester 

M{o-toluenesulfonyl)-L-prolyl-4-(l-(rerT-butoxycarbonyl)-1.2.3,4- 
tetrahydroisoqumoline-2-carboxainido]-L-phenyialanine 

^-(o-tohienesulfonyl)-L-prolyl-L-4-(^-rerT-butyloxycarbonyl- 
isoiiipecotainido)phenylalanine 



A^-{toluenc^sulfonyl)-Li)rolyl-L-4KiV-^efT-butyloxycarbony 
phenyl-isonipecotamido)phenylaiaaice 

A'^(tolucne^sulfonyl).L-prolyI.L-4-<Mbenzyloxycarbonyl- 
isonipecotamido)plienylalanine ethyl ester 

M(toIuene-4.sulfonyl)-L-prolyl^(2S-l-pyrrolidinc-2-carboxamidoJ 
L-phenylalanine 

;\Ktoluene-4-sulfonyl)-L-({ia-dioxo)diiamorpholinO^ 
-L-4-(isoQipecotainido)phenyIalanine tert-butyl ester * 

M{toluene-4-suIfonyl)-MnMthyI-a-/.butylglycinyl-L-MAr. 
benzyIoxycarbonylisonipecotamido)phenylalanme methyl ester 

A^-(toluene-4.suIfonyl)-L-(W^benzyloxycarbonylpiperizm-2<^ 
L-H^-benryIoxycarbonylisoiiipccotamido)phenylalan^ methyl ester 

AMtoIueiie-4-sulfonyl)-L-prolyl^4-methylpipcra2in-l- 
ylcarbonylamiiK>)-L-phenylalanine isopropyl ester 

AKtoluene^sulfoiiyl)-L-prolyl-L-4-(isonipecotaniido)phenylaIani^ 
methyl ester 

A^-(tolucne-4-sulfonyl)-L-(piperizin-2-carbonyl)-L-4- 
(isoiupecotamido)phenylalanine methyl ester 

AKtolucne-4-sulfonyl)-L-prolyl-4-(4<yclopropylpipcra2in-l- 
ylcarb(mylamino)-L-phenylalaiune isopropyl ester 

/VKtolucne-4.sulfonyl>L-prolyi-4-(l-pyrroQdinyl)-L-pheiiylal^ 
butyl ester 

^r-(tolticne-4.sulfonyl)-L-prolyl-4-(piperidine-l<a^ 
phenylalanine r-bucyl ester 

A^(toluene-4.sulfonyl)-Li)rolyl-L-4-((lJ^lioxo)thiamorph^ 
carboxyamidolphenylaianine r-butyl ester 

iV-(tohieiie-4-sulfonyl)-L-prolyl-4-(2-methylpyrrolidine-l^ 
carboxyamido)-L-pbenylalamne ethyl ester 

N-(toluexie-*-sulfonyl)-L-(5J-dimethyl)-thiaprolyl-4^ 
butoxycarbonyl> 1 ,2,3 ,4.tcirahydroisoquinoline-3-carboxamido]-D- 
phenylalanine tert-butyl ester 



wo 99/06434 



-20-- 



PCT/US98/I53I2 



10 



15 



M(toluene-4.sulfonyl)-L-{5.5^imethyl)-thiaprolyl-4-(3S.2-(tert- 
butoxycarbonyl)-! ,2,3 ,4.t«rahydroisoquinoline-3-carboxamido]-L- 
phenylalanine tert-butyl ester 

and phamaceutically acceptable salts thereof as well as any of the 
ester compounds recited above wherein one ester is replaced with another 
ester selected from the group consisting of methyl ester, ethyl ester, /i-propyl 
ester, isopropyl ester, /.-butyl ester, isobutyl ester, wc-butyl ester and tert- 
butyl ester. 

This invention also provides mediods for binding VLA-4 in a 
biological sample which method comprises conucting the biological sample 
with a compound of formula I or lA above under conditions wherein said 
confound binds to VLA^. 

Certain of the compounds of formula I and lA above are also useful 
in reducing VLA-4 mediated inflammation in vivo. 



This invention also provides pharmaceutical compositions comprising 
20 a phannaceutically acceptable carrier and a Uierapeutically effective amount 
of one or more the compounds of formula I or lA above with die exception 
tiiat R» and R* are derived from L-amino acids or oUier similarly configured 
starting materials. Alternatively, racemic mixtures can be used. 

25 The pharmaceutical compositions may be used to treat VLA-4 

mediated disease conditions. Such disease conditions include, by way of 
i:xample, astimia, Alzheimer's disease, atiierosclerosis. AIDS dementia, 
diabetes (inchiding acute juvenile onset diabetis). inflammatory bowel 
disease (including ulcerative colitis and Crohn's disease), multiple sclerosis. 

30 rheumatoid arthritis, tissue oransplamation. tumor metastasis, meningitis, 
encephalitis, stroke, and other cerebral traumas, nephritis, retinitis, atopic 
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dennatitis, psoriasis, myocardial ischemia and acute leukocyte-mediated lung 
injury such as that which occun in adult respiratory distress syndrome. 

Accordingly, this invention also provides methods for the treatment 
5 of an inflammatory disease in a patient mediated by VLA-4 which methods 
comprise administering to the patient the pharmaceutical compositions 
described above. 

Preferred compounds of formula I and lA above include those set 
10 fonh in Table I below: 



1 
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DETAILED DESCRIPTION OF THE INVENTION 
As above, this invention relates to compounds which inhibit 
leukocyte adhesion and. in particular. leukocyte adhesion mediated by VLA- 
4. However, prior to describing this invemion in further detail, the 
5 following terms will first be defined. 



Definirinp, 



10 



15 



20 



25 



30 



As used herein, "alkyl" refers to alkyl groups preferab.; having from 
1 to 10 carbon atoms and more preferably 1 to 6 cariion atoms. This term is 
exemplified by groups such as methyl, t-butyl. n-heptyl, octyl and the like. 

•Substimted alkyl- refers to an alkyl group, preferably of from 1 to 
10 carbon atoms, having from 1 to 5 substimems selected from the group 
consisting of alkoxy, substituted alkoxy, acyl, acylamino, 
thiocarbonylamino, acyloxy. amino, amidiao. alkyl amidino. thioamidino. 
aminoacyl, aminocarbonylamino. aminothiocarbonylamino. 
'«^in<»arbonyloxy. aryl. substimted aryl, aryloxy, substimied aryloxy. ' 
aryloxylaryl, substimted aryloxyaryl. cyaao. halogen, hydroxyl. nitro, 
carboxyl. carboxylalkyi, carboxyLsubstimted alkyl. carboxyl-cydoalkyl. 
carboxyl-substituted cycloalkyl. carboxylaiyl. carboxyl-substimted aryl, 
carboxylheteroaryl, carboxyl-substimted heteroaryl, carboxylheterocycl'ic. 
carboxyl-substituted heterocyclic, cycloalkyl, substimted cycloalkyl, 
guanidino. guanidinosulfone. thiol, thioalkyl, substimted diioalkyl. Uiioaryl. 
substimted thioaryl, thiocycloaflcyl. substimted thiocydoalkyl. 
thioheteioaiyl. substituted thiohcteroaryl, thioheterocydic. substimted 
thioheterocycUc, heteroaryl. substituted aryl, substimted heteroaryl, 
heterocyclic, substimted heterocyclic, cycloalkoxy, substimted cycloalkoxy, 
heteroaryloxy. substimted heteroaryloxy. heterocyclyloxy, substimted 
heierocyclyloxy, oxycarbonylamino, oxythiocartwnylamino, -OS(OValkyl - 
OS(0),-substimted alkyl. -OS(OVaryl. -OS(OVsubstimted aryl. -0S(0),- ' 
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•Tieteroaryl. -OS(0),-substituted heteroaryl. -OS(0),-heterocycUc. -OS(O),- 
substituted heterocyclic. -OSOj-NRR where R is hydrogen or alkyi. 
•NRS(0)2-alkyl. -NRS(0),-substituted alkyl, -NRS(0)j-aryI. -NRS(0)j- 
subsututed aryl. -NRS(0)j-heteroaryl. -NRS(0)j.substituted heteroaryl. 
-NRS(0),-heterocyclic. -NRS(0),-subsiituted heterocyclic. -NRS(0),-NR- 
alkyl, -NRS(0),-NR-substimted alkyl. -NRS(0),-NR-aryl. -NRS(0),-NR. 
substituted aryl. -NRS(0):-NR-heteroaryl, -NRS(0)j-NR-substituted 
heteroaryl. -NRS{0),.NR-heterocycIic, -NRS(0)j-NR-subsUtuted 
heterocyclic where R is hydrogen or alkyl. mono- and di-alkylaraino. mono- 
and di-(subsUtuted alkyl)amino. mono- and di-arylamino. mono- and di- 
substituted arylamino. mono- and di-heteroarylamino, mono- and di- 
substimted heteroaiylamino. mono- and di-heterocydic amino, mono- and 
di-sub$tituted heterocyclic amino, unsymmetric di-substimted amines having 
different substinients selected from alkyl. substimted alkyl. aiyl. substimted 
aryl, heteroaryl, substimted heteroaryl, heterocyclic and substimted 
heterocyclic and substimted alkyl groups having amino groups blocked by 
conventional blocking groups such as Boc. Cbz, formyl. and the like or 
alkyl/substimted alkyl groups substimted with -SOj-alkyl. -SOi-substimtetT 
alkyl. -SO,-alkenyl, -SOj-substimtcd alkenyl, -SOj-cydoalkyl, -SOj- 
substimted cycloalkyi, -SOj-aiyl. -SOj-substimted aryl, -SOj-heteroaryl, 
-SOj-substimted heteroaryl. -SO,-heterocyclic. -SO,-substituted heterocyclic 
and -SOiNRR where R is hydrogen or alkyl. 

"Alkoxy" refers to the group "alkyl-0-" which includes, by way of 
example, methoxy, ethoxy. «-propoxy, wo-propoxy. n-butoxy, wrr-butoxy. 
wc-butoxy. /i-pemoxy. n-hexoxy, 1,2-diniethylbutoxy, and die like. 



"Substimted alkoxy" refers to the group "substimted alkyl-0-". 
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"Acyr refers to the groups H-C{0).. alkyl-C(O)-. substituted 
alkyl-C(0)-. alkenyl-C(0)., substituted alkenyi^(O)-. allcynyl-C(O)-. 
substituted alkynyl-C(O). cycloaIkyl^(0)-. substituted cycloalkyJ-C(O)-. 
aiyl-C(0)-. substituted aryl^(0).. heteroaryi-C(O)-. substituted heteroaryl- 
C(0), heterocyclic-<:(0)-. and substituted heterocyclic-C(0)- wherein alkyl. 
substinited alkyi, alkenyl. substituted alkeayl. alkynyl, substituted alkynyl. 
cycloalkyi, substituted cycloalkyl. aiyl. substituted aiyl. heteroaiyl, 
substituted heteroaiyl. heterocyclic and substituted heterocycUc are as 
defined herein. 

"Acylamino" refers to die group -C(0)NRR where each R is 
independentiy selected from the group consisting of hydrogen, alkyl. 
substituted alkyi. alkenyl. substituted alkenyl. alkynyl. substimted alkynyl. 
aryl. substimted aiyl. cycloalkyl. substimted cycloalkyl. heteroaiyl. 
substituted heteroaiyl, heterocyclic, substituted heterocyclic and where each 
R is joined to form together witii die nitrogen atom a heterocyclic or 
substituted heterocyclic ring wherein alkyl. substimted alkyl. alkenyl. 
substituted alkenyl, alkynyl, substimted alkynyl. cycloalkyl. substimted 
cycloalkyl. aryl. substimted aryl. heteroaiyl. substimted heteroaryl. 
heterocyclic and substimted heterocyclic are as defined herein. 



"Thiocarbonylamino" refers to the group <:(S)NRR where each R is 
independentiy selected from tiie group consisting of hydrogen, alkyl, 
substimted alkyl. alkenyl. substituted alkenyl, alkynyl, substimted alkynyl. 
atyl, substimted aiyl. cycloalkyl, substituted cycloalkyl. heteroaryl, 
substimted heteroaiyl. heterocyclic, substimted heterocyclic and where each 
R is joined to form, togeUier widi the nitrogen atom, a heterocyclic or 
substimted heterocyclic ring wherein alkyl. substimted alkyl, alkenyl. 
substimted alkenyl. alkynyl, substimted alkynyl. cycloalkyl. substituted 
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cycloalkyl. aryl. substituted aryl. heteroaryl, substituted heteroaryl. 
heterocyclic and substituted heterocyclic are as defined herein. 

"Acyloxy" refers to the groups alIcyl-C(0)0., substituted allcyl- 
C(0)0-. aikenyl^(0)0., substinited alkenyI-C(0)0-. alkynyI-C(0)0-. 
substituted alkynyl^(0)0-. axyl-C(0)0-, substituted aiyI-C(0)0-. 
cycloaUcyl-C(0)0.. substituted cycloalkyI-C(0)0-. heterDaryl-C(0)0-. 
substituted heteroaryl-C(0)0-. heterocyclic-C(0)0.. and substituted 
heierocyclic-C(0)0. wherein alkyl. substituted alkyl. alkenyl. substituted 
alJcenyl, alkynyl. substituted alkynyl. cycloalkyl. substituted cycloalkyl. aryl, 
substituted aryl. heteroaryl. substituted heteroaryl. heterocyclic and 
substituted heterocyclic are as defined herein. 

"Alkenyl" refers to alkenyl group preferably having from 2 to 10 
carbon atoms and more preferably 2 to 6 carbon atoms and having at least 1 
and preferably from 1-2 sites of alkenyl unsaturation. 



"Substinited alkenyl" refen to alkenyl groups having from 1 to 5 ' 
substiments selected from the group consisting of alkoxy. substinited alkoxy. 
20 acyl. acylamino. thiocarboiiylamino. acyloxy, amino, amidino, 
alkylamidino. thioamidino. aminoacyl. aminocarbonylamino, 
aminothiocarbonylamino. aminocarbonyloxy. aiyl, substituted aryl. aryloxy. 
substinited aryloxy, aryloxyaiyl, substinited aryloxyaryl. halogen, hydroxyl, 
cyano. nitro. carboxyl, carboxylalkyl. carboxyl-substinited alkyl. carboxyl- 
cycloalkyl, carboxyl-substimted cycloalkyl. carboxylaryl. carboxyl- 
.substituted aryl, carboxylheteroaryl, carboxyl-substituted heteroaryl. 
carboxylheterocyclic. carboxyl-substimted heterocyclic, cycloalkyl, 
substimted cycloalkyl. guanidino. guanidinosulfone. thiol, thioalkyl, 
substituted thioalkyl. thioaryl. substimted thioaryl. thiocydoalkyl. 
substimted thiocydoalkyl, thioheteroaryl, substimted thioheteroaryl. 



30 



thioheierocycUc. subsUtuted thioheterocyclic, heteroaryl. substituted 
heteroaryl. heterocycUc. substituted heterocyclic, cydoalkoxy. substituted 
cydoaUcoxy. heteroaryloxy. substituted heteroaryloxy, heterocydyloxy. 
substituted heterocydyloxy. oxycarbonylaniino. OTythiocarbonylamino. - 
OS(0),-alkyl, -OS(0),-substimted alkyl, -OS(0)j-aryl, .OS(0),-substitutcd 
aryl, -OS(0),.heteroaiyl, -OS(0),-substituted heteroaryl. OS(0)j. 
heterocyclic. -OS(0),.substituted heterocydic, -OSOj-NRR where R is 
hydrogen or alkyl. -NRS(OValkyl. -NRS(0),-substituted alkVl, -NRS(0),. 
aryl. -NRS(OVsub$timted aryl. -NRS(0),.heteroaryl. -NRS(0),-substituted 
heteroaryl. -NRS(0),-heterocydic. -NRSCOj-substituted heterocyclic. 
-NRS(0)j.NR.alkyI. -NRS(0),-NR.substituted alkyl. -NRS(0),-NR-aryl. 
-NRS(0),.NR.substitttted aryl. -NRS(OVNR.heteroaryl, -NRS(0),.NR. 
substituted heteroaiyl. .NRS(OVNR.heterocydic. -NRS(0),.NR-subsUtuted 
heterocyclic where R is hydrogen or alkyl. mono- and di-alkylamino. raono- 
and di-(substituted alkyDamino. mono- and di-arylamino. mono- and di- 
substiwted arylamino, mono- and di-heteroarylamino, mono- and di- 
substinited heteroaryhunino, mono- and di-helerocydic amino, mono- and 
di-substitoted heterocyclic amino, unsymmetric di-substimted amines having 
different substiments selected from alkyl. substinited alkyl. aryl. substinited 
aryl. heteroaryl. substinited heteroaryl. heterocyclic and substituted 
heterocyclic and substinited alkenyl groups having amino groups blocked by 
conventional blocking groups such as Boc. Cbz, fbrmyl, and the like or 
alkaqrl/substimted alkenyl groups substituted with -SOj-alkyl. -SOj- 
substiuted alkyl, -SO,-alkenyl. -SOj-substimied alkenyl, -Sd-cydoalkyl. 
-SOj-substimted cydoalkyl. -SOj-aryl, -SOj-substituted aryl. -SO,- 
heteroaryl. -SO,-substinited heteroaryl. -SO,-heterocyclic. -SO,-subsiimted 
heterocyclic and -SOjNRR where R is hydrogen or alkyl. 
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-Alkynyl- refers to alkynyl group preferably having from 2 to 10 
carbon atoms and more preferably 3 to 6 carbon atoms and having at least 1 
and preferably from 1-2 sites of alkynyl unsaturation. 

"Substimted alkynyl" refers to alkynyl groups having from 1 to 5 

substiments selected from the group consisting of alkoxy. substituted alkoxy. 

acyl. acylamino. thiocarbonylamino. acyloxy. amino, amidino. 

alkylamidino. thioamidino. aminoacyl. aminocarbonylamino. 

aminothiocarbonylamino. aminocarbonyloxy. aryl. substiiutiMi aiyl. aryloxy. 

substituted aryloxy. aryloxyaryl. substituted aryloxyaryl. halogen, hydroxyl. 

cyano. nitro. carboxyi. carboxylalkyl. carboxyl-substimted alkyl. carboxyl- 

cycloalkyl. carboxyl-substituted cycloalkyl. carboxylaryl. carboxyl- 
substituted aryl. carboxylheteroaryl. carboxyl-substimted heteroaryl. 
carboxylheterocydic, carboxyl-substimted heterocyclic, cycloalkyl. 
substimted cycloalkyl. guanidino. guanidinosulfone, thiol, thioalkyi, 
substimted thioalkyi. thioaryl, substimted thioaryl. thiocydoalkyl. 
substimted diiocycloalkyl. thioheteroaryl. substimted thioheteroaryl. 
thioheterocydic. substimted thioheterocyclic. heteroaryl. substimted ' 
heteroaryl. heterocyclic, substimted heterocycUc, cydoalkoxy. substimted 
cycloalkoxy. heteroaryloxy. substimted heteroaryloxy, heteiDcydyloxy, 
substituted heterocydyloxy. oxycarbonylamino; oxythiocarbonylamino. - 
OS(0),-alkyl, -OS(OVsubstimted alkyl. -OS(0),-aryl, -OS(0),-substimted 
aryl. -OS(0)i-hetBroaryl. -OS(OVsubstituted heteroaryl. -OS(OV 
heteiocydic. -OS(0),-substimted heterocyclic, -OSO,-NRR wheie R is 
hydrogen or alkyl. -NRS(OValkyl. -NRS(OVsubstimted alkyl, -NRS(OV 
aryl, -NRS(0),.substimted aryl. -NRS(0),-heteioaryl. -NRS(0),.substituted 
heteroaryl, -NRS(0),-heterocydic. -NRS(0)j-substimted heterocydic. - 
NRS(OVNR-alkyl. -NRS(0),-NR-substimted alkyl. -NRS(0),-NR-aryl. 
-NRS(0),-NR.substimted aryl. -NRS(0),-NR-heteroaryl, -NRS(OVNR- 
substimted heteroaryl. -NRS(0),.NR-heierocydic. -NRS(OVNR-substimted 
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heteroaryl. substituted heteroaryl. heterocyclic and substituted heterocyclic 
are as defined herein. 

"Aminocarbonyloxy* refers to the groups -NRC(0)0-aJIcyl. 
-NRC(0)0-substiiuted alkyl. -NRC(0)0.alkenyI. -NRC(0)0.substinited 
alkenyl. -NRC(0)0-alkynyI. -NRC(0)0-substituted alkynyl. .NRC(0)0- 
cycloallcyl. -NRC(0)0.suhstimted cydoelkyl. -NRC(0)0-aryl, -NRC(0)0- 
substitutedaiyl. -NRC(0)0-heteroaiyl. -NRC(0)0.substituied heteroaryl. 
-NRC(0)0-heterocycUc. and -NRC(0)0-substituted heterocyclic where R is 
hydrogen or alkyl and wherein alkyl. substituted alkyl. alkenyl. substituted 
alkenyl. alkynyl, substimted alkynyl. cycloalkyl. substimted cydoalkyl. aryl. 
substituted aiyl, heteroaryl, substituted heteroaryl. heterocyclic and 
substituted heterocyclic are as defined herein. 

"Oxycarbonylamino" refers to the groups .OCCO)NH,. -OC(0)NRR. 
-OC(0)NR.alkyl, -OC(0)NR-substinited alkyl, .OC(0)NR.aIkenyl. 
-OC(0)NR.substituted alkenyl, -OC(0)NR.alkynyl, .OC(0)NR-substiiuted 
alkynyl. -OC(0)NR<ycloalkyl, -OC(0)NR-substituted cycloalkyl, 
-OC(0)NR-aiyl. -OC(0)NR-substimted aryl, OC(0)NR-heteroaryl, 
-OC(0)NR-substituted heteroaryl,- OC(0)NR-heterocyclic, and 
-OC(0)NR.substimted heterocyclic where R is hydrogen or alkyl, or where 
each R is joined to form, together with the nitrogen atom, a heterocyclic or 
substimted heterocyclic ring and wherein alkyl, substimted alkyl. alkenyl, 
substimted alkenyl. alkynyl. substimted alkynyl, cycloalkyl, substimted 
cycloalkyl, aryl. substimted aryl. heteroaryl. substimted heteroaryl. 
heterocyclic and substimted heterocyclic are as defined herein. 

"Oxythiocarbonylamino" refers to the groups -OC(S)NH„ 
-OC(S)NRR. -OC(S)NR.alkyl, -OC(S)NR.$ubstimted alkyl. -OC(S)NR. 
alkenyl. -OC(S)NR.substimted alkenyl. -OC(S)NR.alkynyl. -OC(S)NR- 
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substituted alkynyl. -OC(S)NR-cycloalkyl. -OC(S)NR-substitmed cycloaJkyl. 
-OC(S)NR-aiyl. -OC(S)NR-substituted aryl. -OC(S)NR-heteroaryl. 
-OC(S)hfR-substituted heieroaryl. -OC(S)NR-h«erocyclic. and 
-OC(S)NR-substimted heterocyclic where R is hydrogen or alkyl, or where 
each R is joined to form, together with the nitrogen atom, a heterocyclic or 

substituted heterocycUc ring and wherein alkyl. substituted alkyl. alkenyl. 

substituted alkenyl. alkynyl. substioued alkynyl. cydoalkyl. wbstimted 

cycioalkyl. aryl. substituted aryl. heteroaryl. substinited heteroaryl. 

heterocyclic and substinited heterocyclic are as defined herein. 



"Aminoearbonylamino" refers to the groups -NRC(0)NRR, 
-NRC(0)NR.alkyl, -NRC(0)NR.substimted alkyl. -NRC(0)NR.alkenyl. 
-NRC(0)NR-substituted alkenyl, -NRC(0)NR.alkynyl. 
-NRC(0)NR.subsUtuted alkynyl. -NRC(0)NR.aryl. -NRC(0)NR-substinited 
aiyl. -NRC(0)NRs;ycloalky|. -NRC(0)NR.substituted cycioalkyl. - 
NRC(0)NR-heteroaryl. and -NRC(0)NR-substituted heteroaryl, - 
NRC(0)NR-heterocycUc. and -NRC(0)NR.substinited heterocyclic wher^ 
each R is isdependenUy hydrogen or alkyl. or where each R is joined to 
form, together with the nitrogen atom, a heterocyclic or substinited 
heterocyclic ring, as weU as where one of the amino groups is blocked by 
conventional blocking groups such as Boc. Cbz, formyl, and the like, and 
wherein alkyl. substinited alkyl. alkenyl. substimted alkenyl. alkynyl. 
substimted alkynyl. cycioalkyl. substimted cycioalkyl. aryl. substimted aryl. 
heteroaryl. substituted heieroaryl. heterocyclic and substimted heterocyclic 
are as defmed herein. 



■Aminothiocarbonylamino" refen to the groups -NRC(S)NRR. 
-NRC(S)NR.alkyl. -NRC(S)NR^ubstimted alkyl. -NRC(S)NR.alkenyl. 
-NRC(S)NR-substimted alkenyl. -NRC(S)NR.alkynyl. -NRC{S)NR. 
substimted alkynyl. -NRC(S)NR-aryl. -NRC(S)NR-substimted aryl. 
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-NRC(S)NR<ycloalkyl, -NRC(S)NR.sub«ituted cydoalkyl. -NRC(S)NR- 
heteroatyl. and -NRC(S)NR-substituied heteroaryl. -NRC(S)NR- 
heterocyclic. and -NRC(S)NR-substituted heterocyclic where each R is 
independently hydrogen or alkyl. or where each R is joined to form, together 
with the nitrogen atom, a heterocyclic or substituted heterocyclic ring, as 
well as where one of the amino groups is blocked by convemional blocking 
groups such as Boc. Cbz. formyl. and the like, and wherein alkyl. 
substinited alkyl. alkenyl. substituted alkenyl. alkynyl. subitimted alkynyl. 
cycloalkyl. substimted cycloalkyl. aryl. substimted aryl. heteroaryl. 
substituted heteroaryl. heterocyclic and substituted heterocyclic are as 
defined herein. 

•Aryl" or "Ar" refers to an unsamrated aromatic carbocyclic group 
of from 6 to 14 carbon atoms having a single ring (e.g.. phenyl) or multiple 
condensed rings (e.g.. naphUiyl or amhryl) which condensed rings may or 
may not be aromatic (e.g., 2-benzoxazolinone. 2H-1.4.benzoxa2in-3(4H)- 
one-7yl. and the like). Preferred aryls include phenyl and naphthyl. 

Substituted aryl refers to aryl groups which are substimted with from 
1 to 3 substiuems selected from tbt group consisting of hydroxy, acyl. 
acylamino. thiocarbonylamino. acyloxy. alkyl. substimted alkyl. alkoxy. 
substituted alkoxy. alkenyl. substimted alkenyl. alkynyl. substimted alkynyl. 
amidino, alkylamidino. thioamidino. amino, aminoacyl. aminocarbonyloxy. 
aminocarbonylamino. aminothiocarbonylamino. aryl, substimted aryl. 
aryloxy. substimted aiyloxy. cycloalkoxy. substimted cydoalkoxy. 
heteroaryloxy, substimted heteroaryloxy. heterocydyloxy. substimted 
heterocydyloxy, carboxyl. carboxylalkyl. carboxyl-substimted alkyl. 
carboxyl<ydoalkyl. carboxyl-substimted cycloalkyl. carboxylaryl. carboxyl- 
substimted aryl, carboxylheteroaryl, carboxyl-substimted heteroaryl. 
carboxylheteiocydic. carboxyl-substimted heterocyclic, carboxylamido. 
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cyano. thiol, thioalkyl. substituted thioalkyi. thioaiyl. substituted thioaryl. 
thioheteroaiyl, substituted thioheteroaryl. thiocycioalkyl, substituted 
thiocycloalkyl, thioheterocydic. substituted thioheterocycUc. cycloallcyl. 
substituted cycloalkyl, guaoidino. guanidinosulfone. haio. nitro, heteroaryl, 
5 substituted heteroaiyl, heterocyclic, substituted heterocycUc. 
oxycarboivlamino, oxythiocarbonylamino, -S(OValkyl, 
-S(0)j-substituted alkyl, -S(0),<ydoalkyl. -S(0),-substituted cycloalkyl. 
-S(0)i-aIkenyI, -S(0),-substituted alkenyl, -S(0),-aryl, -S(OVsubstituted 
aryl. -SCOVheteroaryl, -S(0),-substituted heteroaiyl, -S(0),-hcterDcyclic. 
10 -S(0),.substimted heterocyclic. -OS(OValkyl, -OS(0)rSubstituted alkyl. 
-OS(0),-aiyl. -OS(0),-substituted aiyl. -OS(0),-heteroaryl. -OS(O),- 
substituted heteroaryl. -OS(OVheterocycUc, -OS(0),-substituted 
heterocydic, ^SO,.NRR where R is hydrogen or alkyl, -NRS(0),.alkyl, 
-NRS(0),-substiiuicd alkyl, -NRS(OVaryl, .NRS(OVsubstimted aryl. 
15 -NRS(0),-heteroaryl, -NRS(0)2-substituted heteroaiyl, -NRS(OV 

heterocydic, -NRS(0),-substitutcd heterocyclic, -NRS(0)2-NR-alkyl. 
-NRS(0),-NR.substituted alkyl, -NRS(OVNR-aryl. -NRS(0)i-NR. 
substituted aryl, -NRS(0),.NR-heteroaryl. -NRS(0),-NR-substituted 
heteroaryl, -NRS(0):-NR-heterocyclic, -NRS(0),-NR.substituted 
20 heterocyclic where R is hydrogen or alkyl, mono- and di-alkylamino. mono- 
and di-(substioited alkyDamino, mono- and di-arylamino, mono- and di- 
substituted arylamino, mono- and di-heteroaiylamino, mono- and di- 
substituied heteroaiylamino. mono- and di-heterocydic amino, mono- and 
di-substimted heterocydic amino, unsymmetric di-substituted amines having 
23 • different substituems selected from alkyl, substimted alkyl, aryl. substimted 
aryl, heteroaryl, substimted heteroaryl, heterocydic and substimted 
heterocyclic and amino groups on the substituted aryl blocked by 
conventional blocking groups such as Boc. Cbz. formyl, and the like or 
substimted with -SO,NRR where R is hydrogen or alkyl. 
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^ "Aiyloxy" refers to the group aryl-0- which includes, by way of 
example, phenoxy, naphthoxy. and the like. 

"SubsUtuted aryloxy" refers to substituted aryl-O- groups. 
"Aryloxyaryl" refers to the group -aryl-O-aryl. 

"Substituted aryloxyaiyr refers to aryloxyaryl groups substituted 
with from 1 to 3 substituents on either or both aryl rings selected from the 
group consisting of hydroxy, acyl. acyhunino. thlocarbonylamino, acyloxy. 
alkyl, substituted alkyi, alkoxy, substituted alkoxy, alkenyl. substituted 
alkenyl, alkynyl. substituted alkynyl. amidino. alkylamidino. thioamidino. 
amino, aminoacyl. aminocarbonyloxy. aminocarbonylamino. 
aminothiocarbonylamino. aryl. substituted aryl. aryloxy. substimted aryloxy. 
cydoalkoxy. substituted cydoalkoxy, heteroaryloxy, substituted 
heteroaryloxy, heterocyclyloxy. substituted heterocydyloxy, carboxyl. 
carboxylalkyl, carboxyl-substituted alkyl. carboxyl^iycloalkyl, carboxyl- 
substituied cydoalkyl, carboxylaryl, carboxyl-substinited aiyl, 
carboxylheteroaryl, carboxyl-substituted heteroaryl. carboxylheterocyclic. 
carboxyl-substituted heterocyclic, carboxylamido, cyano, thiol, thioalkyl, 
substituted thioalkyl. thioaiyl, substituted ihioaryl. thiohetertjaiyl. 
substituted thioheteroaryl. thiocycloalkyl. substituted thiocydoalkyi. 
thioheterocydic, substituted thioheterocydic, cydoalkyl. substituted 
cydoalkyl, guanidino, guanidinosulfone, halo, nitro. heteroaryl. substimted 
heteroaryl. heterocyclic, substituted heterocydic. oxycarbonylamino. 
oxythiocarbonylamino. -S(0),-alkyl. -S(0),-substinited alkyl. -S(O),- 
cycloalkyl. -SCOVsubsiimted cydoalkyl. -S(0),-alkenyl. -S(0),-substimted 
alkenyl. -S(0),-aryl. -S(0)i-subsonitcd aryl. -S(0)j-heteroaryl. -S(0\. 
substimted heteroaryl. -S(0),-heterocydic, -S(0),-substimted heterocydic. 
-OS(0),-alkyl. -OS(0),.substimtcd alkyl. -OS(0),.aryl, -OS(0),-substimted 
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aryl. -OSCOVheteroaryl. -OS(0),.substiruted heteroaryl. -0S(0),- 
hetcnxyclic, -OS(OVsubstiai«d heterocyclic. -OSO,-NRR where R is 
hydrogen or alkyl. -NRS(OValkyl. -NRS(OVsubstimted alkyl -NRS(O), 
aryl, -NRS(OVs«bstituted aryl. -NRSCOVhet^,^,. -NRS(OVsubstin.ted 
heteroaryl. -NRS(OVheterocyclic. -NRS(OVsubsUtuted heterocyclic 

-NRS(OVNR.substimtedaryl. -NRS(OVNR-he.eroaryl. -NRS(0),-NR. 
substioued heteroaryl. -NRS(OVNR-hetcn«yclic. -NRS(0);-NR-3ubsti.ted 

ar^ di^substimted alkyDamino. nK,n. and di-arylamino. mono- and di- 
substituted arylami^,. mono- and di-heteroaryla«ino. mono- and di- 
substioited heteroarylantino. mono- and di-heterocyclic amino, mono- ^ 
di-subsututed heterocyclic amino, unsymmetric di-substituted amines having 
different substiments selected from alkyl. substituted alkyl. ary,. substituted 
aiyl. heteroaryl. substituted heteroaryl. heterocyclic and substituted 
heterocyclic and amino groups on the substituted aryl blocked by 
coaventional blocking groups such as Boc. Cbz. formyl. and the like or . 
substimted With -SO,NRR where R is hydrogen or alkyl 



20 
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"Cycloalkyl- refers to cyclic alkyl groups of ftom 3 to 8 carbon 
atoms having a single cyclic ring including, by way of example, cydopropy, 
cyclobutyl. cyclopentyl, cydooctyl and the like. Exchided from this 



definition are multi-ring alkyl gnjup, such as adamamanyl. 



etc. 



-Cydoalkenyr refers to cydic alkenyl group, of from 3 to 8 carbon 
atoms having single or multiple unsaturation but whidi are not aromatic. 

-Substimted cycloalkyl- and "substimted cydoalkenyl" refer to a 
cycloalM and cydoa^,, ^^.^.^ of from 3 to 8 carbon atoms, 

havmg from 1 to 5 substiments selected from the group consisting of oxo 
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* (=0). thioxo (=S). alkoxy. substituted alkoxy. acyl, acylamino. 

thiocarbonylamino. acyloxy. amino, araidino. alkylamidino. thioamidino. 
aminoacyi, aminocarbonylamino. aminothiocarbonylamino. 
aminocarbonyloxy. aiyl. substituted aiyl. aryloxy. substituted aryloxy. 
aryloxyaryl. substituted aiyloxyaiyl. halogen, hydroxyl. cyano. nitro. 
carboxyl. carboxylalkyl. carboxyl-substimted alkyl. carboxyl-cydoalkyl. 
carboxyl-substinited cycloalkyl. carboxylaryl. carboxyl-substimted aryl. 
carboxylheteroaiyl, carboxyl-substimted heteroaiyl. carboxylhetcrocyclic. 
carboxyl-substimted heterocyclic, cycloalkyl. substimted cycloalkyl. 
Suanidino, guanidinosulfone. thiol, thioalkyl. substimted thioalkyl. thioaryl. 
substimted thioaryl. thiocycloalkyl. substimted thiocycloalkyl. 
thioheteroaiyl, substimted thioheteroaryl. thioheterocyclic. substimted 
thioheterocyclic. heteroaryl. substimted heteroaiyl. heterocyclic, substimted 
heterocyclic, cydoalkoxy. subsUmted cycloalkoxy. heteroaryloxy. 
substimted heteroaryloxy. heterocyclyloxy. substimted heterocyclyloxy. 
oxycarbonylamino. oxythiocarbonylamino. -OS(0)j-alkyl, -OS(0)j- 
substimted alkyl, -OS(0),-aryl. -OS(OVsubsUmted aryl. -OS(0),-he,eroaryi. 
-OS(OVsubstimted heteroaiyl. -OS(OVheterocyclic. -OS(0),-substimted' 
heterocyclic. -OSOj-NRR where R is hydrogen or alkyl. 
-NRS(OValkyI. -NRS(0),-substimted alkyl, -NRS(0)j.aiyl. -NRS(OV 
substimted aryl. -NRS(OVheteroaryl. -NRS(OVsubstimted heteroaryl, 
-NRS(0)2-heterocyclic. -NRS(0)j-substimted heterocyclic. 
-NRS(OVNR.alkyl. -NRS(OVNR-substimied alkyl. -NRS(0)j-NR-aiyl, 
-NRS(0),.NR.substimted aiyl. ■NRS(OVNR-heteroaryl. NRS(0),-NR. 
substimted heteroaryl, -NRS(0),-NR-heterocycUc. -NRS(OVNR-substimted 
•heterocyclic where R is hydrogen or alkyl. mono- and di-alkylamino. mono- 
and di-(substimted alkyl)amino, mono- and di-arylamino. mono- and di- 
substimted arylamino. mono- and di-heteroarylamino. mono- and di- 
substiwted heteroarylamino. mono- and di-hcterocyclic amino, mono- and 
di-substimted heterocyclic amino, unsymmetric di-substimted amines having 
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different substimcnts selected from alkyl. substituted alkyl. aryl. substituted 
aiyl. heteroaryl, subsututed heteroaryl. heterocyclic and substituted 
heterocyclic and substituted alkynyl groups having amino groups blocked by 
conventional blocking groups such as Boc. Cbz. formyl. and the like or 
5 alkynyl/substimted alkynyl groups substituted with -SO,-alkyl. -SO,- 

substituted alkyl. -SO,.aIkenyl. -SO^-substinited alkenyl. .SO,<ycloalkyl. 
-SO,-substimted cycloalkyl, -SO^-aiyl. -SO^-substituted aiyl. -SO,- 
heteroaryl. -SO,-substituted heteroaryl. -SO^-heterocydic. -SO^-substituted 
heterocyclic and -SO^NRR where R is hydrogen or alkyl. 
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"Cydoalkoxy- refers to -O^ydoalkyl groups. 
"Substituted cydoalkoxy refers to -O-substituied cycloalkyl 



groups. 



"Guanidino" refen to the groups -NRC(=NR)NRR. 
-NRC(=NR)NR-alkyl. -NRC(=NR)NR.substituted alkyl. -NRC(»NR)NR- 
alkenyl. -NRC(=NR)hm.substin,ted alkenyl. -NRC(=NR)NR-alkynyl. , 
-NRC(-NR)NR.substituted alkynyl. -NRC(=NR)NR.aryl. 
-NRC(=NR)NR.substituted aryl. -NRC(=NR)NR<ydoalkyl. 
-NRC(-NR)NR-heteroatyl, -NRC(=NR)NR.substituted heteroaryl. 
-NRC(-NR)NR.heterocyclic. and -NRC(-NR)NR-subsUtuted heterocyclic 
where cadt R is independently hydrogen and alkyl as well as where one of 
the amino groups Is blocked by conventional bloddng groups sudi as Boc. 
Cbz, fbimyl. and the like and wherein alkyl, substituted alkyl. alkenyl, 
. substiuted alkenyl. alkynyl. substituted alkynyl. cycloalkyl. subsunited 
cycloalkyl. aiyl. substimted aiyl. heteroaryl. substimted heteroaryl. 
heterocyclic and substituted heterocyclic are as defined herein. 



30 



"Guanidinosulfone- refers to the groups -NRC(=NR)NRSOi-alkyl. 
NRC(=NR)NRSO:-substimted aJkyl. -NRC(=NR)NRSO,.alkcnyl. 
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•NRC(=NR)NRSO,-substituted alkenyl, -NRC(=NR)NRSO,-alkynyl, 
-NRC(=NR)NRSO,-substimted alkynyl. •NRC(=NR)NRSOj-aiyl, 
-NRC(»NR)NRSOj-substituted aryl. -NRC(»NR)NRSOj-cycloaIkyl. 
-NRC(=NR)NRSOj-substinited cycloalkyl, -NRC(=NR)NRSO,.heteroaryl. 
and -NRC(=NR)NRSOi-substituted heteroaryl. -NRC(=NR)NRSOi- 
heterocyclic. and -NRC(=NR)NRSOi-substinitcd heterocyclic where each R 
is independenUy hydrogen and alfcyl and wherein allcyl. substituted alkyl. 
alkenyl. substituted alkenyl. alkynyl, substinited alkynyl. cycloalkyl. 
substituted cycloalkyl, aiyl. substituted aryl, heteroaryl, substituted 
heteroaryl. heterocyclic and substinited heterocyclic are as defined herein. 

"Halo" or "halogen" refers to fluoro. chloro. bromo and iodo and 
preferably is either chloro or bromo. 



"Heteroaryl" refers to an aromatic carbocyclic group of from 2 to 10 
carbon atoms and 1 to 4 heteroatoms selected from oxygen, nitrogen and 
sulfur within the ring. Such heteroaryl groups can have a single ring (e.g. . 
pyridyl or fiiryl) or multiple condensed rings (e.g. . indolizinyl or 
benzothienyl). Preferred heteroaryls include pyridyl, pyrrolyl. indolyl and 
furyl. 

"Substinited heteroaryl" refers to heteroaryl groups which are 
substituted with from 1 to 3 substioients selected from the group consisting 
of hydroxy, acyl. acylamino, thiocarbonylamino. acyloxy. alkyl. substinited 
alkyl, alkoxy. substinited alkoxy, alkenyl, substinited alkenyl. alkynyl. 
• substinited alkynyl. amidino. alkylamidino, thioamidino, amino, aminoacyl, 
aminocarbonyloxy, aminocarbonylamino, aminothiocarbonylamino. aryl. 
substinited aryl. aryloxy. substituted aryloxy, cydoalkoxy, substinited 
cycloalkoxy. heteroaryloxy, substituted hetcroaryloxy. heterocyclyloxy. 
substinited heterocyclyloxy. carboxyl. carboxylalkyl. cartwxyl-substimted 
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alkyl. carboxyl<ycloalkyl. carboxyl-substituted cydoalkyl. carboxylaiyl. 
carboxyl-substituted aryl. carboxylheteroaiyl. carboxyl-substicuied 
heteroaiyl. carboxylheterocyclic. carboxyl-subsUnited heterocyclic, 
carboxylamido, cyano, thiol, thioalkyl. substitutsd ihioalkyl. thioaryl. 
5 substituted thioaiyl. thioheteroaryl, substituted thiohetcroaryl. 

thiocycloallcyl. substituted thiocycloalkyl. thioheterocyciic, substituted 
thioheterocyclic. cydoalkyl. substituted cydoalkyl. guanidino. 
guanidinosulfone. halo, nitro. heteroaiyl. substituted hcteroaryl. 
heterocyclic, substituted heterocyclic, oxycarbonylamino. 
oxythiocarbonylamino. -S(0):-alkyl, -S(OVsubsatuted alkyl. -S(OV 
cydoalkyl. -S(OVsubsntuted cydoalkyl. -S(0),-alkenyl. -S(OVsubstitutcd 
alkenyl. -S(OVaryl. ^(OVsubstituted aryl. -S(0),-heteroaryl. -S(OV 
substituted heteroaryl. -S(OVheterocydic. -S(OVsubstinited heterxxyclic. 
-OS(OValkyl. -OS(OVsubstitutedalkyl. -OS(OVaiyl. -OS(OVsubsatuted 
aryl, -OS(0),-heteroaiyl, -OS(0),-substituted heteioaryl. -OS(O),- 
heterocydic. ^S(OVsubstiiutBd heterocyclic, where R is 

hydrogen or aflcyl. -NRS(0),-alkyl, -NRS(OVsubstituted alkyl. -NRS((^. 
aryl. -NRS(OVsubstituted aiyl, -NRS(0),-heteroaryl. .NRS(OVsubstituted 
heteroaryl. -NRS(OVheterocyclic. -NRS(0),-substituted heterocyclic. 
-NRS(0),.NR-alkyl. -NRS(0),-NR-substimted alkyl. -NRS(0),-NR-aryl. 
-NRS(0),.NR-8ubstituted aryl, -NRS(0):-NR-heteroaiyl. -NRS(0):-NR. 
substituted heteroaryl. -NRS(0),.NR.heterocycUc. -NRS(OVNR-substituted 
heterocydic where R is hydrogen or alkyl. mono- and di-alkylanuno. mono- 
and di-(substiaited alkyl)aniino. mono- and di-arylamino. mono- and di- 
substioited aiylamino. mono- and di-heteroarylamino. mono- and di- 
substittited heteroarylamino. mono- and di-heterocydic amino, mono- and 
di-substinited heterocydic amino, unsymmetric di-substimted amines having 
differem substiments selected from alkyl. substimted alkyl. aryl. substimied 
aryl. heteroaryl. substimted heteroaryl. heterocydic and substimted 
heterocyclic and amino groups on the substimted aryl blocked by 



15 



20 



25 



30 



wo 99/06434 



-54- 



PCT/US98n5312 



5 



10 



' conventional blocking groups such as Boc. Cbz. fonnyl. and the like or 
substinited with -SOjNRR where R is hydrogen or alkyl. 

"Heieroaryloxy" refers to the group -0-heteroaiyl and "substinited 
heteroaryloxy" refen to the group -O-substimted heteroaryl. 

"Heterocycle" or "heterocyclic" refers to a samrated or unsatoratcd 
group having a single ring or multiple condensed rings, from 1 to 10 carbon 
atoms and from 1 to 4 hetero atoms selected from nitrogen, sulfur or oxygen 
within the ring wherein, in fused ring systems, one or more the rings can be 
aryl or heteroaryl. 



"Samrated heterocyclic" refers to heterocydes of single or multiple 
condensed rings lacking unsaturation in any ring (e.g.. carbon to carbon 
15 unsaniration, carbon to nitrogen unsaniration, nitrogen to nitrogen 
unsaturation, and the like). 



"Unsaturated heterocyclic" refen to non-aromatic heterocydes of 
single or multiple condensed rings having unsaturation in any ring (e.g.. 
carbon to carbon unsaniration, carbon to nitrogen unsamration, nitrogen to 
nitrogen unsaniration, and the like). 



"Substinited heterocyclic" refers to heterocycle groups which are 
substinited with from 1 to 3 substiments selected from the group consisting 
of 0X0 (=>0). thioxo (=S). alkoxy. substituted alkoxy, acyl, acylamino, 
• thiocarbonylamino. acyloxy. amino, amidino, alkylamidino, thioamidino, 
aminoa<qri, aminocarbonylamino, aminothiocarbonylamino, 
aminocarbonyloxy, aryl, substimted aryl. aryloxy. substimted aryloxy. 
aryloxyaryl, substimted aryioxyaiyl, halogen, hydroxyl, cyano, nitro. 
carboxyl, carboxylalkyl. carboxyl-substinited alkyl, cariwxyl-cycloalkyl. 
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carboxyl-substimted cycloalkyl. carboxylaryl. carboxyl-substituted aryl. 
carboxylheieroaiyl, carboxyl-substituied heteroaryl, carboxylheterocycUc. 
carboxyl-substimted heterocyclic, cycloalkyl, substituted cycloalkyl. 
guanidino. guanidinosulfone, thiol, thioalkyi, substituted thioalkyl. thioaryl. 
5 substituted thioaryl. thiocydoalkyl. substituted thiocycloaikyl. 

thioheteroaryl. substituted thioheteroaryl. thioheterocyclic, substituted 
tiiioheterocydic. heteroaryl, substituted heteroaryl, heterocyclic, substituted 
heterocyclic, cydoalkoxy. substituted cydoalkoxy, heteroaryloxy, 
substituted heteroaryloxy. heterocydyloxy, substituted heterocyclyloxy. 
10 oxycarbonylamino. oxythiocarbonylamino. -OS(0)i-alkyI, -OS(0)j- 

substituted alkyl. .OS(0),-aryI. -OS(OVsubstimted aryl. -OS(0)j.heicroaryl. 
-OS(0),-substinued heteroaryl. -OS(0),-heterocyclic. -OS(0)j.substituted 
heterocycUc, -OSO,-NRR where R is hydrogen or alkyl, 
-NRSCOValkyI, -NRS(0),-substituted alkyl. .NRS(0),-aryl. -NRS(0),- 
substituted aryl. -NRS(OVheteroaryl. -NRS(0),-substituted heteroaryl. 
-NRS(0),-heterocyclic, -NRS(0),-substituted heterocyclic, 
-NRS(0),-NR-alkyl. -NRS(OVNR-substituted alkyl. .NRS(0)j-NR-aryl. 
-NRS(OVNR-substituted aryl, -NRS(0),-NR.heteroaryl. -NRS(0)i-NR. 
substituted heteroaryl. -NRS(OVNR-heterocycUc, -NRS(0),-NR.substituted 
20 heterocydic where R is hydrogen or alkyl. mono- and di-alkylamino, raono- 
and di-<substimted alkyOamino, mono- and di-arylamino. mono- and di- 
substioited arylamino, mono- and di-heteroarylamino, mono- and di- 
substituted heteroarylamino. mono- and di-heterocycUc amino, mono- and 
. di-substituted heterocyclic amino, unsymmetric di-substituted amines having 
25 difTeient substioients sdected from alkyl. substinited alkyl. aryl. substimted 
aryl, heteroaryl, substimted heteroaryl, heterocyclic and substituted 
heterocydic and substimted alkynyl groups having amino groups blocked by 
conventional blocking groups such as Boc. Cbz. formyl. and the like or 
alkynyl/substimted alkynyl groups substimted widi -SOi-alkyl. -SO,- 
substimted alkyl. -SO,-alkcnyl. -SOj-substimted alkenyl, -SO,<ycloalkyl. 



30 



wo 99/06434 



-56 " 



PCT/US98/15312 



-SO,-subsutut«l cycloalkyl. -SO,-aryl. -SO,-substituted aryl. SO,- 
heteroaryl. -SO,-substituted heteroaryl. -SO,-h«erocyclic. -SO^-substituted 
heterocyclic and -SOjNRR where R is hydrogen or allcyi. 

Examples of heterocycles and heteroanrls include, but are not limited 
to. azetidine, pyrrole, imidazole, pyrazole. pyridine, pyrazi™:. pyrimidine. 
pyndazme. indolizine. isoindole. indole, dihydroindole, indazole. purine, 
quinolizine. isoquinoline. quinoline. phthalazine. naphthylpyridine. 
quinoxaline. quinazoline. cinnoline. pteridine. carbazole. carboline. 
phenanthridine. acridine. phenamhroline. isoduazole. phenazine. isoxazole. 
phenoxazine. phenothiazine. imidazolidine. imidazoline, piperidine. 
piperazine. indoline. phthalimide, 1.2.3,4-tetrahydroisoquinoline. 4.5.6,7- 
tetrahydrobenzolbjthiophenc. diiazole. thiazolidine. thiophene. 
benzo(b]thiophene, morpholino. thiomorpholino, piperidinyl. pyrrolidine. 
15 tetrahydrofuranyl, and the like. 
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"Saturated substituted heterocyclic- refers to substimted heterocycl 
of single or multiple condensed rings lacking unsaturation in any ring (e.g.. 
carbon to carbon unsaoiration. carbon to nitrogen unsamration. nitrogen to 
20 nitrogen unsamration. and the like). 



"Unsamratcd substimted heterocyclic" rtsfen to non-aromatic 
substimted heterocycles of single or multiple condensed rings having 
•msaturation in any ring (e.g.. carbon to carbon unsamration. carbon to 
nitrogen unsaturation, nitrogen to nitrogen misamration, and the like). 



"Heterocyclyloxy" refers to the group -O-heterocyclic and 
'substimted heterocyclyloxy" refers to the group -O-substimted heterocyclic. 



30 



"Thiol" refers to the group -SH. 
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"Thioalkyl" refen to the groins -S-alkyl 

"Substituted thioalkyl" refers to the group -S-substimted alkyl. 

"Thiocydoalkyl" refers to the groups ^-cycloalkyl. 

"SubsUnited thiocydoalkyl" refers to the group -S-subJtituted 
cydoall^l. 
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•Thioaryl- refers to die group -S-aryl and "substituted diioaryl" 
refers to die group -S-substiiuted aiyl. 

•Thioheteroaryl" refers to the group -S-heteroaryl and "substituted 
thioheteroaiyl- refers to the group -S-substinited heteioaryl. 

"•moheterocycUc" refers to the group -S-heterocydic and 
"substituted thioheterocydic" refers to the group -Substituted heterocyclic. 

"Phannaceutically acceptable salt" refen to phannaceuticaUy 
acceptable salts of a compound of Formula I whid> salts are derived from a 
variety of organic and inorganic counter ions weU known in die art and 
include, by way of example only, sodium, potassium, calcium, magnesium, 
ammonium, tetiaalkylammonium. and the like; and when d« molecule 
Qomains a basic functionality, salts of organic or inorganic acids, sudi as 
hydrodiloride. hydrobromide, tartrate, mesylate, aceute. maleate. oxalate 
and die like. 



wo 99/0«434 



- 58 -- 



PCT/US98/15312 



10 



15 



20 



Comnound Preoarafinn 

The compounds of this invention can be prepared from readily 
available starting materials using the following general methods and 
procedures. It wUl be appreciated that where typical or preferred process 
conditions (i.e., reaction tempenmires. times, mole ratios of reactants. 
solvents, pressures, etc.) are given, other process conditions can also be used 
unless otherwise sttied. Optimum reaction conditions may vary with the 
particular reactants or solvem used, but such conditions can be determined 
by one skiUed in the an by routine optimizaUon procedures. 

Additionally, as will be apparem to those skilled in the art. 
convemional protecting groups may be necessary to prevent certain 
functional groups from undergoing undesired reacUons. Suitable protecting 
groups for various functional groups as wcU as suitable conditions for 
protecting and deprotecting particular functional groups are well known in 
the art. For example, numerous protecting groups are described in T. W. 
Greene and G. M. Wuts. Proteaing Groups in Organic Synthesis, Second 
Edition, Wiley. New York, 1991 . and references cited therein. 



Furthennore, the compounds of this invention will typically contain 
one or more chiral centers. Accordingly, if d&ired. such compounds can be 
prepared or isolated as pure stereoisomers, i.e.. as individual enanuomers or 
diastereomers. or as stereoisomer-enriched mixnires. All such stereoisomers 
(and enriched mixnires) are included witiiin the scope of this invention, 
25 unless otherwise indicated. Pure stereoisomers (or enriched mixnires) may 
be prepared using, for example, optically active starting materials or 
stereoselective reagents well-known in the an. Alternatively, raccmic 
mixnires of such compounds can be separated using, for example, chiral 
column chromatography, chiral resolving agents and the like. 
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^>P«f='«<in«thodofsymhesis.thecon,pou«UoffonnulaI»^ 
lA Wherein Q is ^(0)NR^ a« by nr. coupling an an^ acid of 

rormuja II: 

r 

R'-NH^-COOH 



'0 '''«^«'»"<'«.«-.fl«d<».ta..„d,ru.hyd,ogc.„i«,. 
sulfonyl chloride of fonnula 01: 



formula IV: 



20 



2S 
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R'-SO,-N(R»h:^0oh 



R* 



wherein R'-R« are as defined herein. 

TTWs reaction is typically conducted by contacting the amino acid of 
fonnula n with at least one equivalent, preferably about 1., to about 2 
equivalem,. of sulfonyl chloride m in an i„en dih«nt such as 
dxchloromethane and the like. GeneraUy. the reaction is conducted a a 
ten^^anue ranging fron, about -TO'C to about 40-C for about 1 to about 24 
hours. Preferably, this reaction is conduaed in the presence of a suitable 
base to scavenge the acid generated during the reaction. Suitable bases 
"Klude. by way of example, tertiary amines, such as triethylamine 
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diisopropylethylamine. ^-methylmorpholine and the like. AltemaUvely. the 
reaction can be conducted under Schotten-Baumann-type conditions using 
aqueous alkali, such as sodium hydroxide and the like, as the base. Upon 
completion of the reaction, the resulting iV-sulfonyl amino acid IV is 
recovered by conventional methods including neutralization, extraction, 
precipitation, chromatography, nitration, and the like. 

The amino acids of formula II employed in the above reaction are 
either known compounds or compounds that can be prepar^ from known 
compounds by conventional synthetic procedures. Examples of suitable 
amino acids for use in this reaction include, but are not limited to. L-proline. 
/row^hydroxyl-L-proline, cis^hydroxyl-L-proline, /ra«-3-phenyl- 
L-proline. c«-3-phenyI-L-proIine. L-(2-methyl)proline. L-pipccoiinic acid. 
L.a2etidine-2<arboxylic acid. L-indoline.2-carboxylic acid. L-1.2.3.4. 
tetrahydroisoquinoline-S^arboxylic acid, L-thiazolidine-t^arboxylic acid. 
L-(5.5-dimethyI)thiaa)Udine-4^boxylic acid. L-thiamorpholine-3- 
carboxyUc acid, glycine. 2-r<rrt-butylglycine, D.L-phenylglycine. L-alanine. 
a-methylalanine. Mmethyl-L-phenylalanine. L-diphenylalanine, sarcosiiic. 
D.L-phenylsarcosine. L-aspartic acid P-fe/r-butyl ester. L-glutamic acid 
Y-rm-butyl ester. L-{0-bcnzyl)serine. 1-aminocyclopropanecarboxylic acid, 
I-aminocyclobutanecarboxylicacid. 1-aminocyclopemanecarboxy lie acid 
(cycloleucine) 1-aminocyclohexane-carboxylic acid. L-serine and the like. If 
desired, the corresponding carboxylic acid esters of the amino acids of 
formula n. such as the methyl esters, ethyl esten and the like, can be 
employed in the above reaction with the sulfonyl chloride HI. Subsequem 
hydrolysis of the ester group to the carboxylic acid using conventional 
reagents and conditions, i.e.. treatmem with an alkali metal hydroxide in an 
inert dilueu such as methanol/water. then provides the A/-sulfonyl amino 
acid IV. 
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Similariy, the sulfonyl chlorides of formuU m employed in the above 
reacUon are either known compounds or compounds that can be prepared 
from known compounds by conventional synthetic procedures. Such 
compounds are typically prepared from the corr-sponding sulfonic acid. i.e.. 
5 from compounds of the formUa R'-SOjH where R' is as defined above, 

using phosphorous trichloride and phosphorous pentachloride. This reaction 
is generally conducted by contacting the sulfonic acid with about 2 to 5 
molar equivalents of phosphorous trichloride and phosphorous pentachloride. 
either neat or in an inert solvem. such as dichloromethane, at a temperanire 
10 in the range of about O'C to about 80»C for about 1 to about 48 hours to 

afford the sulfonyl chloride. Alternatively, the sulfonyl chlorides of formula 
ffl can be prepared from the corresponding thiol compound, i.e.. from 
compounds of the formula R'-SH where R« is as defmed above, by treating 
the thiol with chlorine (Cy and water under conventional reaction 
15 conditions. 



Examples of sulfonyl chlorides suitable for use in this invention ' 
include, but are not limited to, methanesulfonyl chloride. 2-propanesulfonyl 
chloride, 1-butanesulfonyl chloride, benzenesulfonyl chloride. 

1- naphthalenesulfonyl chloride, 2-naphdialenesulfonyl chloride, 
/vtoluenesulfonyl chloride, a-toluenesulfonyl chitmde, 
4.acetaniidobenzenesulfonyl chloride. 4.amidinobenzenesulfonyl chloride. 
4-/err^tylbenzenesulfonyl chloride. 4-bromobenzenesuIfonyl chloride. 

2- carboxybenzenesulfonyl chloride, 4-cyanobenzenesulfonyl chloride. 
3,4-dtchIorobenzenesulfonyi chloride, 3,5Klichlorobenzenesulfonyl chloride. 
3,4-dnnethoxybenzenesulfonyl chloride, 3,5-ditrifluoromcthyl. 
benzenesulfonyl chloride. 4-nuoroben2enesulfonyl chloride. 
4-methoxybenzenesulfonyl chloride, 2-methoxycarbonylbenzenesulfonyl 
chloride, 4-methylamidobcn2cnesulfonyl chloride, 4.nitiobenzcnesulfonyl 
chloride. 4-thioaniidoben2enesulfonyl chloride, 4-trifluoroniethyl- 
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benzoiesulfonyl chloride. 4-trifluoromethoxybenzenesulfonyI chloride. 
2,4.6-trinieihylbenzenesulfonyl chloride. 2-phenyleihanesulfonyI chloride. 
2-thiophenesulfonyl chloride. 5<hIorD-2.thiophenesulfonyl chloride. 
2,5-dichloro-4-thiophenesulfonyl chloride. 2-thiazolesulfonyl chloride. 
2.methyl^thia2ole$ulfonyl chloride. l-methyM-imidazolesulfonyl chloride. 

1- methyl^pyrazolesulfonyl chloride. 5-chloro-1.3-diniethyl- 
4-pyra2olesulfonyi chloride. 3-pyridinesulfonyl chloride. 

2- pyriinidiiiesuifonyl chloride, and the like. If desired, a sulfonyl fluoride, 
sulfonyl bromide or sulfonic acid anhydride may be used in place of the 
sulfonyl chloride in the above reaction to form the /V-suIfonyl amino acids of 
formula IV. 



15 
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The intermediate Msulfonyl amino acids of formula IV can also be 
prepared by reacting a sulfonamide of formula V: 

R'-SO,-NH-R» V 

wherein R' and R» are as defined above, with a carboxylic acid derivatiw of 
the formula L(R')CHCOOR where L is a leaving group, such as chloro. 
bromo. iodo, mesylate, tosylate and the like. B? is as defined above and R is 
hydrogen or an alkyl group. This reaction is typically conducted by 
contacting the sulfonamide V with at least one equivalent, preferably 1.1 to 2 
equivalents, of the carboxylic acid derivative in the presence of a suiuble 
base, such as triethylamine. in an inert diluent, such as DMF, at a 
temperature ranging from about 24»C to about 37»C for about 0.5 to about 4 
houn. This reaction is further described in Zuckeimann et al.. J. Am. 
Chan. Soc., 1992, 114. 10646-10647. Preferred carboxyUc acid derivaUves 
for use in this reaction are a-chloro and a-bromocarboxylic acid esters such 
as rm-butyl bromoacetatc. and the like. When an carboxylic acid ester is 
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employed in this reaction, the ester group is subsequenUy hydrolyzed using 
conventional procedures to afford an Msulfonyl amino acid of fommla IV. 

The compounds of formula I are then prepared by coupling the 
intermediate yv-sulfonyl amino acid of formula IV with an amino acid 
derivative of formula VI: 



R'-NH-CH-C-R* VT 

I 

R* 



wherein R'-R^ are as defined herein. This coupling reaction is typically 
conducted using weU-known coupling reagents such as carbodiimides. BOP 
reagent (benzotriazol.l-yloxy^ris(dimethylamino)phosphonium 
hexafluorophosphonate) and the like. Suiable carbodiimides include, by 
way of example, dicyclohexylcarbodiimide (DCC), l-(3. 
dimethylaminopropyl).3^ylcarbodiimide (EDQ and the like. If desired, 

polymer supported forms of carbodiimide coupling reagems may also be 
used inchiding. for example, diose described in Tetrahedron Utters, 34(48) 
7685 (1993). AdditionaUy. weU-known coupling promoters, such as N- 
hydiDxysuccinimide. l-hydroxybenzotriazole and the like, may be used to 
facilitate the coupling reaction. 

This coupling reaction Is typically conducted by contacting the 
Msulfonylamino acid IV with about I to about 2 equivalems of the coupling 
reagem and at least one equivalent, preferably about I to about 1.2 
equivalems. of amino acid derivative VI in an inert dihiem. such as 
dichloromethane. chloroform, acetoniirile. tetrahydrofunm, N.N. 
dimediylformamide and the like. Generally, this reaction is conducted at a 
temperamre ranging from about O'C to about 37-C for about 12 to about 24 
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houn. Upon completion of the reaction, the compound of fomula I is 
recovered by conventional methods including neutralization, extraction, 
precipitation, chromatography, filtration, and the like. 

Alternatively, the A^sulfonyl amino acid IV can be convened into an 
acid haUdc and the acid halide coupled with amino acid derivative VI to 
provide compounds of formula I. The .-.cid halide of VI can be prepared by 
contacting VI with an inorganic acid halide. such as thionyl chloride, 
phosphorous trichloride, phosphorous u-ibromide or phosphorous 
pentachloride. or preferably, with oxalyl chloride under conventional 
conditions. Generally, this reaction is conducted using about 1 to 5 molar 
equivalenu of the inorganic acid halide or oxalyl chloride, either neat or in 
an inert solvent, such as dichloromethane or carbon tetrachloride, at a 
tempcranire in the range of about O'C to about 80«C for about 1 to about 48 
hours. A caulyst, such as A^.Ar-dimethylforniamide. may also be used in this 
reaction. 



The acid halide of iV-sulfonyl amino acid IV is dien contacted with at 
least one equivalent, preferably about 1.1 to about 1.5 equivalents, of amino 
20 acid derivative VI in an inert diluent, such as dichloromethane, at a 

temperature ranging from about -70»C to about 40»C for about 1 to about 24 
hours. Preferably, this reaction is conducted in the presence of a suitable 
base to scavenge the acid generated during the reaction. Suiuble bases 
inchide, by way of example, tertiary amines, such as triethylamine, 
diisopropylethylamine. ^^methyhnorpholine and the like. Alternatively, the 
• reaction can be conducted under Schotten-Baumann-type conditions using 
aqueous alkali, such as sodium hydroxide and the like. Upon completion of 
the reaction, the compound of formula I is recovered by conventional 
methods including neutralization, extraction, precipitation, chromatography. 
30 filtration, and the like. 
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Ahenmively. the compounds of fonnula I can be prepared by first 
fomung a diamino acid derivative of formula VD: 



10 



15 



R' R^ O 

, I I I 
R*-NH-C<:(0)N-CH-C-R« vn 
II ^" 
R* R* 



wherein R^-R^ are as defined herein. The diamino acid derivatives of 
formula Vn can be readily prepared by coupling an amino acid of fonnula H 
with an amino acid derivadve of formula VI using convemional amino acid 
couplmg techniques and reagents, such carbodiimides. BOP reagent and the 
I Jce, as described above. Diamino acid Vn can then be sulfonated using a 
sulfonyl Chloride of formula m and using the synthetic procedures described 
above to provide a compound of formula I. 



The amino acid derivatives of formula VI employed in the above- 
reactions are either known compounds or compounds that can be prepared 
20 fron known compounds by convemional synthetic procedures. For 
example, amino acid derivatives of formula VI can be prepared by C- 
alkylating commercially available diethyl 2-acetamidomalonate (Aldrich 
Milwaukee. Wisconsin, USA) with an alkyi or substimted alkyl haUde This 
reaction is typicaUy conducted by treating the diethyl 2-acetamidomalonate 
wtth at leas, one equivalem of sodium ethoxide and at least one equivalem of 
• an alkyl or substimted alkyl halide in refluxing ethanol for about 6 to about 
12 hours. The resulting C-alkylatedmalonate is then deacetylated. 
hydrolyzed and deouboxyUted by heating in aqueous hydrochloric acid at 
reflux for about 6 to about 12 hours to provide the amino acid, typically as 
30 the hydrochloride sail. 
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Examples of amino acid derivatives of fonnula VI suitable for use in 
the above reactions include, but are not limited to. L^nitrophenylalaninc 
methyl ester. L-tyrosine methyl ester. D.L-»-niaohomophenyIalanine methyl 
«ter. and the like. If desired, of course, other esters or amides of the 
above-described compounds may also be employed. 

For ease of synthesis, the compounds of formula I are typically 
prepared as an ester, i.e.. where is an alkoxy or substimted alkoxy group 
and the like. If desired, the ester group can be hydrolysed ising 
conventional conditions and reagents to provide the corresponding carboxylic 
acid. Typically, this reaction is conducted by treating the ester with at least 
one equivalent of an alkali metal hydroxide, such as lithium, sodium or 
potassium hydroxide, in an inert diluent, such as methanol or mixnires of 
methanol and water, at a ten^ierature ranging from about O'C to about 24"C 
for about 1 to about 12 hours. Alternatively, benzyl esters may be removed 
by hydrogenolysis using a palladium catalyst, such as palladium on carbon. 
The resulting carboxylic acids may be coupled, if desired, to amines such as 
P-alanine ethyl ester, hydroxyamines such as hydroxylamine and N- ' 
hydroxysuccinimidc. alkoxyamines and substimted alkoxyamines such as 0- 
methylhydroxylamine and C?-benzylhydroxylamine. and the like, using 
conventional coupling reagents and conditions as described above. 

As wiU be apparent to those skilled in the art. other functional groups 
present on any of the subsdoients of the compounds of formula I can be 
readily modified or derivatized either before or after the above-described 
coupling reactions using well-known synthetic procedures. For example, a 
nitro group present on a substiment of a compound of formula I or an 
intermediate thereof may be readily reduced by hydrogenation in die 
presence of a paUadium catalyst, such as palladhmi on cart)on. to provide the 
corresponding amino group. This reaction is typically conducted at a 
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temperanire of from about 20»C to about 50'C for about 6 to about 24 hours 

in an inert dUuem, such as methanol. Compounds having a nitro group on 

the substimem can be prepared, for example, by using a 4- 

nitrophenylalanine derivative and the like In the above^lescribed coupling 
reactions. 



Similarly, a pyridyl group can be hydrogenated in the presence of a 
platinum catalyst, such as platinum oxide, in an acidic dihient'to provide the 
corresponding piperidinyl analogue. GencnUly. this reaction is conducted by 
treating the pyridine compound with hydrogen at a pressure ranging from 
about 20 psi to about 60 psi. preferably about 40 psi. in the presence of the 
catalyst at a temperaoue of about 20"C to about SO'C for about 2 to about 
24 hours in an acidic diluent, such as a mixnue of methanol and aqueous 
hydrochloric acid. Compounds having a pyridyl group can be readily 
prepared by using, for example, P^2i>yridyl).. p-(3-pyridyl)- or p-(4. 
pyridyl)-L-alanine derivatives in the above-described coupling reactions. 



Additionally, when the R* substinient of a compound of formula I or 
an intermediate thereof contains a primary or secondary amino group, such 
20 amino groups can be ftirther derivatized either before or after the above 
coupling reactions to provide, by way of example, amides, sulfonamides, 
ureas, thioureas, carbamates, secondary or tertiary amines and the like. 
Compounds having a primary amino group on the R» substituent may be 
prepared, for example, by reduction of the corresponding nitro compound as 
described above. Alternatively, such compounds can be prepared by using 
an amino add derivative derived from lysine. 4-aminophenylalanine and the 
like in the above-described coqjling reactions. 

By way of illustration, a compound of formula I or an imermediate 
30 thereof having a subsUtuem containing a primary or secondary amino group. 
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such as Where « a (4-aminophenyI)methyl group, can be readily N- 
acylated using conventional acylating reagents and conditions to provide the 
corresponding amide. This acylation reaction is typically conducted by 
trtatmg the amino compound with at least one equivalent, preferably about 
1.1 to about 1.2 equivalents, of a carboxylic acid in the presence of a 
couplmg reagent such as a carbodiimide. BOP reagent (benzotriazol-Lyloxy. 
tns(dnnethylamino)phosplK,nium hexcfluorophosphonate) and the like, in an 
•nendihiem. such as dichloromethane. chloroform, acetonitrile 
tetrahydrofuran. ^.^V-dimethylformamide and the like, at a temperamre 
ranging from about O'C to about 37-C for about 4 to about 24 hours 
Preferably, a promoter, such as Mhydroxysuccinimide. 1-hydroxy- 
benzotriazole and the like, is used to fecUitate the acylaUon reaction. 
Examples of carboxylic acids suitable for use in this reaction include, but are 
not limited to. iV-r.„-butyloxycarbonylg,ycine. A^re^r-butyloxycarbonyLL- 
Phenylalaninc. A^-ren-butyloxycarbonyl-L-aspartic add benzyl ester, benzoic 
acul. A^/.«-butyloxycarbonylisonipecotic acid. Mmethylisonipecotic acid 
^-rm-butyloxycarbonylnipecotic acid. Mren-butyloxycarbonyl-L- 

tetrahydroisoqumoline-S^arboxylic acid, M(toh,ene^sulfonyl)-L-proliie 
and the like. 



Alternatively, a compound of formula l or an intermediate thereof 
containing a primary or secondary amino group can be Macylated using an 
acyl halide or a carboxylic acid anhydride to form the corresponding amide 
TTus reaction is typically conducted by contacting the amino compound widi 
at least one equivalent, preferably about 1.1 to about 1.2 equivalents, of the 
acyl halide or carboxylic acid anhydride in an inert diluent, such as 
dichloromedume, at a temperamre ranging from about -TO'C to about 40-C 
for about 1 to about 24 hours. If desired, an acylation catalyst such as 
4-(^JVslimethylamino)pyridine may be used to promote the acylation 
reaction. The acylation reaction is preferably conducted in the presence of a 
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^.icable base to scavenge the acid generated during the reaction. Suitable 
bases uKlude. by way of example, tertiary ainii«. such as trieAylamine 
diuopropylethylamine. iV-mechyl«orpholine and the like. Alternatively, the 
reaction can be conducted under Schotten-Bauinar.vtype conditions using 
5 aqueous alkali, such as sod«m hydroxide and the like. 

Exanvle, of acyl halides and carboxylic acid anhydrides suiuble for 
use m this reaction inch«lc. but are not lintited to. 2-mcthylp^pionyl 
Chloride, trimethylacety, chloride, phenylacety. chloride, benzoyl chloride. 
2-bromobenroyl chloride. 2-methylbenzoyl chloride. 2-trifh,oro- 
methylbenzoyl chloride, isonicotinoyl chloride, mcotinoyl chloride 
p.coli«,yl Chloride, acetic anhydride, succinic anhydride, and the like 
Carbamyl Chlorides, such as Ar.Ar-dimethylcarbamyl chloride A/N- 
diethylcarbamy, chloride and the like, can also be used in this taction to 
provide ureas. Similarly, dicarbonates. such as di-rm^,yMicariH,nate. 
may be employed to provide carbamates. 

In a similar manner, a compound of formula I or an intermediate 
thcrepf comaining a primary or secondary amino group may be ^sulfonated 
to form a sulfonamide using a sulfonyl halide or a sulfonic acid anhydride 
Sulfonyl halides and sulfonic acid anhydrides suitable for use in this reaction 
include, but are not limited to. methanesulfoiiyl chloride, 
chlorometianesulfonyl chloride, /vtohienesulfonyl chloride, 
trifluoromethanesulfonic anhydride, and the like. Similarly, sulfamoyl 
chlorides, such as dimethylsulfamoyl chloride, can be used to provide 
sulfamidea(e.g.. >N.SO,.N<). 



Additionally, a primary and secondary amino group presem on a 
substituent of a compound of formula I or an imermediate thereof can be 



30 reacted with an isocyanate or a thioisocyanate to 



give a urea or tiiiourea, 
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respectively. This reaction is typically conducted by contacting the amino 
compound with at least one equivalent, preferably about l.l to about 1.2 
equivalents, of the isocyanate or thioisocyanate in an inert diluent, such as 
toluene and the like, at a temperamre ranging from about 24»C to about 
3TC for about 12 to about 24 hours. The isocyanates and thioisocyanates 
used in tills reaction are commercially available or can be prepared from 
commerciaUy available compounds using well-known synthetic procedures. 
For example, isocyanates and tiiioisocyanates are readily prepared by 
reacting die appropriate amine wiUi phosgene or tiiiophosgene. Examples of 
isocyanates and tiiioisocyanates suitable for use in tfiis reaction include, but 
are not limited to, ediyl isocyanate. n-propyl isocyanate, 4-cyanophenyl 
isocyanate. S-metiioxyphenyl isocyanate, 2-phenyletiiyl isocyanate, raetiiyl 
tiiioisocyanate, etiiyl tiiioisocyanate. 2-phenyletiiyl tiiioisocyanate, 3- 
phenylpropyl tiiioisocyanate. 3-<iV.AMietiiylaniino)propyI tiuoisocyanate, 
phenyl tiiioisocyanate. benzyl tiiioisocyanate. 3-pyridyl tiiioisocyanate. 
fluorescein isotiiiocyanate (isomer I) and tite like. 



Furthermore, when a compound of formula I or an intermediate' 
tiiereof contains a primary or secondary amino group, tiie amino group can 

20 be reductively alkylated using aldehydes or ketones to form a secondary or 
teitiaiy amino group. This reaction is typically conducted by contacting tiie 
amino compound widi at least one equivalent, preferably about 1.1 to about 
1.5 equivalents, of an aldehyde or ketone and at least one equivalent based 
on die amino compound of a metal hydride reducing agent, such as sodium 

25 cyaaoborohydride, in an inert diluent, such as methanol, tetrahydrofiiran. 
mixnires tiiereof and tiie like, at a temperamre ranging from about O'C to 
about SO'C for about I to about 72 hours. Aldehydes and ketones suitable 
for use in diis reaction inchide, by way of example, bcnzaldehyde. 4- 
chlorobenzaldehyde. valeraldehyde and tiie like. 

30 
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In a similar manner, when a compound of fon„u,a I or an 
mtenncdiace thereof has a substioiem conuining a hydroxy, group, the 
hydroxyl group can be further modified or derivatized either before or after 
the above coupling reacUons to provide, by way of example, ethers, 
carbamates ^ the like. Compounds having a hydroxyl group on the 
substiment, for example, can be prepared using an amino acid derivative of 
formula VI derived from tyrosine and the like in the above^escribed 
reactions. 
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«y*«y°f«««?>«e.acompoundofformulaloranintermediate 
thereof having a subsUtuem conuining a hydroxyl group, such as where 

IS a (4-hydroxyphenyl)methyl group, can be readily O-alkylated to fonn 
ethers. This 0-alkyU«ion ,«ciion is typically conducted by comacting the 
hydroxy compound with a suitable alkali or alkaline earth metal base such 
as potassium carbonate, in an inert diluem. such as acetone. 2-butano'ne and 
the like, to form the alkaa or alkaline earth metal salt of the hydroxy, group 
This salt is generally not isolated, but is reacted in situ with at least one ' 
equivalem of an alkyl or substimted alkyl halide or sulfonate, such as an 
alkyl Chloride, bromide, iodide, mesylate or tosylate. to afford the ether 
Genendly. this reaction is conducted at a temperamre ranging from about 
60-C to about 150-C for about 24 to about 72 hours. Preferably, a catalytic 
amoum of sodium or potassium iodide is added to the reaaion mixmre when 
an alkyl chloride or bromide is employed in the reaction. 

Examples of alkyl or substituted alkyl halides and sulfonates suitable 
for use in this reaction include, but are not limited to. rm-butyl 

bromoaceta.e.Mren-butylchloroacetamide.l-bromoethylbe„zene ethyl 
a-bromophenylacetate, 2-(A^-ethyl-Mphenylamino)ethyl chloride. 2-(W 
ethylami«))ethyl chloride. W^-diisopropylamino)ethyl chloride MNN- 
d.benzylamino)ed,yl chloride. 3-(;v.yV-ethyUmino)propyl chloride 3-(M ' 
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benzyI-^-methylamino)propy| chloride. /VK2-chloroethyl)morpholine. 

2- (he.an,ethyleneinur«)ethyl chloride. 3-(MmethylpiperBzine)propyl 
chloride. l-(3-chlorophenyIMK3<hloropropyl)pipcnuine. 2-(4-hydroxy- 
4-phenylpiperidine)ediyl chloride. Mrm-butyloxycarbonyl- 

3- piperidinemethyl tosylate. and the like. 

AltemaUvely. a hydroxyl group present on a substituent of a 
compound of formula I or an inteimediate thereof can be ©-alkylated using 
the Mitsunobu reaction. In this reaction, an alcohol, such as 3.(N,N- 
dimethylaminoM-propanol and the like, is reacted with about 1.0 to about 
1.3 equivalents of triphenylphosphine and about 1.0 to about 1.3 equivalents 
of diethyl azodicarboxylate in an inert diluent, such as tetrahydrofuran. at a 
temperanire ranging from about -lO'C to about 5«C for about 0.25 to about 
1 hour. About 1.0 to about 1.3 equivalents of a hydroxy compound, such as 
Mfm-butyltyrosine methyl ester, is then added and the reaction mixmre is 
stirred at a temperamre of from about 0»C to about 30«C for about 2 to 
about 48 hours to provide the 0-alkylated product. 

In a similar manner, a compound of formula I or an intermediate 
thereof comaining an aryl hydroxy group can be reacted with an aryl iodide 
to provide a diaryl ether. Generally, this reaction is conducted by forming 
the alkali metal salt of the hydroxyl group using a suiuble base, such as 
sodium hydride, in an inert diluent such as xylenes at a temperamre of about 
-25»C to about lO'C. The salt is then treated with about 1.1 to about 1.5 
equivalents of cuprous bromide dimethyl sulfide complex at a temperamre 
ranging from about lO'C to about 30«C for about 0.5 to about 2.0 hours, 
followed by about 1. 1 to about 1.5 equivalems of an aryl iodide, such as 
sodium 2-iodoben2oate and the like. The reaction is then heated to a 
temperanire of about 70»C to about 150»C for about 2 to about 24 hours to 
30 provide the diaryl ether. 
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Additionally, a hydroxy-coiuaining compound can also be readily 
derivatized to fonn a carbamate. In one method for preparing such 
carbamates, a hydroxy compound of formula I or an intermediate thereof is 
contacted with about 1.0 to about 1.2 equivalents of 4-nitrophenyl 
chlorofoimaie in an inert diluem, such as dichloromethane. at a temperature 
ranging from about -25'C to about OT for about 0.5 to about 2.0 houn. 
Treatmem of the resulting carbonate with an excess, preferably about 2 to 
about 5 equivalems, of a trialkylamine. such as triethylamine. for about 0.5 
to 2 hours. foUowed by about 1.0 to about 1.5 equivalems of a primary or 
secondary amine provides the carbamate. Examples of amines suiuble for 
using in this reaction include, but are not limited to. piperazine. L 
raethylpiperazine. 1-acetylpiperazine. morpholine. thiomorpholine, 
pyrrolidine, pipmdine and the like. 

Alternatively, in anodier method for preparing carbamates, a 
hydroxy^ontaining compound is contacted with about 1.0 to about 1 .5 . 
equivalents of a cariwrnyl chloride in an inert diluem. such as 
dichloromethane, at a temperaoire ranging from about 25'C to about 70»C 
for about 2 to about 72 hours. Typically, this reaction is conducted in the 
presence of a suitable base to scavenge the acid generated during the 
reaction. Suitable bases inchide. by way of example, tertiary amines, such 
as trietfaylamioe. diisopropylethylamine. Mmethylmorpholine and the like. 
Additionally, at least one equivalem (based on the hydroxy compound) of 4- 
. (ArjVsIimethylamino)pyridine is preferably added to the reaction mUnire to 
ftcilitate the reaction. Examples of cari)amyl chlorides suitable for use in 
this reaction inchide. by way of example, dimcthylcarbamyl chloride, 
diethylcarbamyl chloride and die like. 

Likewise, when a compound of formula I or an intermediate thereof 
contaimi a primary or secondary hydroxyl group, such hydroxyl groups can 
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be readily convened into a leaving group and displaced to fonn. for 
example, amines, sulfides and fluorides. For example, derivatives of 4- 
hydroxy.L-proli„e can be convened into the corresponding 4-amino. 4-.hio 
or 4-fluoro-L-proIine derivatives via nucleophilic displacement of the 
derivatized hydroxyl group. Generally, when a chiral compound is 
employed in these reactions, the stereochemistry at the carbon atom attached 
to the derivatized hydroxyl group is typically inverted. 

These reactions are typically conducted by first convening the 
hydroxyl group into a leaving group, such as a tosylate. by treatmem of .he 
hydroxy compound with at least one equivalem of a sulfonyl halide. such as 
p-toluenesulfonyl chloride and the like, in pyridine. This reaction is 
generally conducted at a temperature of from about O'C to about 70'C for 
about 1 to about 48 hours. The resulting tosylate can then be readily 
disphu:ed with sodium azide. for example, by contacting the tosylate with at 
least one equivalem of sodium azide in an inen dUuent, such as a mixmre of 
MMdimediylfbnnamide and water, at a temperature ranging from aboutO'C 
to about 37«C for about 1 to about 12 hours to provide the corresponding 
azido compound. The azido group can then be reduced by. for example, 
hydrogenation using a palladium on carbon catalyst to provide the amino (. 
NHJ compound. 

Similarly, a tosylate group can be readily displaced by a thiol to form 
a sulfide. Tliis reaction is typically conducted by contacting the tosylate with 
at least one equivalem of a thiol, such as thiophenol. in the presence of a 
suitable base, such as 1.8-diazabicyclo(5.4.0Jundec-7^ (DBU). in an inert 
dUuem, such as ATJV^imethylfonnamide. a a temperature of from about 
O'C to about 37«C for about I to about 12 houn to provide the sulfide. 
Additionally, treatmem of a tosylate with morpholinosulfiir trifluoride in an 
inert dUuem. such as dichloromethane. at a temperamre ranging from about 
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0-C to about 37-C for about 12 to about 24 hours affords the corresponding 
fluoro compouiul. 
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Funhcnnore, a compound of fonnula I or an intermediate thereof 
having a substin^nt containing an iodoaryl group, for example, when I? is a 
(4-.odophenyl)methyl group, can be readily convened either before or after 
the above coupling reactions into a biaryl compound. Typically this 
reaction is conducted by treating the iodoaiyl compound with about 1 1 to 
about 2 equivalents of an aiylzinc iodide, such as 2- 
(methoxycarbonyl)phenylzinc iodide, in the presence of a palladium catalyst 
such as palladium .etra(triphenylphosphine). in an inert diluem. such as 
tetrahydrofUran. at a temperamre ranging from about 24-C to about 30'C 

until reaction completion. This reaction is further described, for example in 
Rieke, J. Org. Chem. 1991. 56, 1445. 

In some cases, the compounds of formula I or intermediates thereof 
may contain substituents having one or more sulfur atoms. Such sulfur 
atoms wiU be present, for example, when the amino acid of formuhi n 
employed in d« above reactions is derived from Lnhiazolidine^boxylic 
acid. LK5.5K!imethyl)thiazoIidine.4<arboxylic acid, L.thiamorpholine- 
S^xylic acid and the like. When presem, such sulfur atoms can be 
oxidi«d either before or after the above coupling reactions to provide a 
sulfoxide or sulfone compound using convemional reagems and reaction 
•condition.. Suitable reagems for oxidizing a sulfide compound to a sulfoxide 
mchide, by way of example, hydrogen peroxide. 3-chIoroperoxybenzoic acid 
(MCPBA). sodium periodate and the like. The oxidation reaction is 
typically conducted by contacting the sulfide compound with about 0 95 to 
about 1 . 1 equivalems of the oxidizing reagent in an inert dUuent, such as 
dichloromethane. at a temperamre ranging from about -50-C to about 75-C 
for about 1 to about 24 hours. The resulting sulfoxide can then be further 
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oxidized to the corresponding sulfone by contacting the sulfoxide with at 
least one addidonal equivalent of an oxidizing reagent, such as hydrogen 
peroxide, MCPBA. potasshim permanganate and the like. Alternatively, the 
sulfone can be prepared direcUy by contacting the sulHde with at least two 
equivalents, and preferably an excess, of die oxidizing reagent. Such 
reactions are described further in March. 'Advanced Organic Chemistry", 
4th Ed., pp. 1201-1202. Wiley Publisher. 1992. 
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As described above, die compounds of formula I having an 
subsUtuent odier Uian hydrogen can be prepared using an Msubstimted 
amino acid of formula U. such as sarcosine. Mmethyl-L-phenylalanine and 
the like, in die above-described coupling reactions. Alternatively, such 
compounds can be prepared by AT-alkylation of a sulfonamide of formula I or 
IV (where R* is hydrogen) using conventional synthetic procedures. 
15 Typically, diis Malkylation reaction is conducted by contacting die 

sulfonamide wiUi at least one equivalent, preferably 1.1 to 2 equivalents, of 
an alkyl or substituted alkyl halide in die presence of a suitable base, such as 
potasshun carbonate, in an inert diluent, such as acetone. 2-butanone and the 
like, at a temperanire ranging from about 25''C to about TO'C for about 2 to 
20 about 48 hours. Examples of alkyl or substituted alkyl halides suittble for 
use in diis reaction include, but are not limited to. methyl iodide, and die 
like. 



Additionally, die sulfonamides of formula I or IV wherein U 
hydrogen and R' is a 2-alkoxycarbonylaiyl group can be intramolecularly 
cyclized to form l,2-benzisotiuazol.3-one derivatives or analogues diercof. 
This reaction is typicaUy conducted by treating a sulfonamide, such as 
A^(2-med)dxycarbonylphenylsulfonyl)glycine-L-phenylalanine benzyl ester, 
wifli about 1.0 to 1.5 equivalents of a suitable base, such as an alkali metal 
hydride, in an inert diluent, such as tetrahydrofiiran, at a temperanire 



wo 99/06434 



PCTAJS98/153ia 



-77- 



10 



15 



ranging from about 0»C to about 30-C for about 2 to about 48 hours to 
afford the cyclized 1 .2-ben2isothiazoI.3-one derivative. 

LasUy, the compounds of fonnula I where Q is -C(S)NR^ are 
prepared by using an amino thionoacid derivative in place of amino acid U in 
the above described symhetic procedures. Such amino thionoacid derivatives 
can be prepared by the procedures described in Shalaky. et al.. / Org 
CAem.. 61:9045-9048 (1996) and Brain, et al.. /. Org. Chem., £2:390$. 
3809 (1997) and references cited thexein. 

Phafmacwtfjrj,! Ffimiiilnrinai 

When employed as pharmaceuticals, the compounds of fonnula I and 
lA are usuaUy administered in the form of pharmaceutical compositions, 
mese compounds can be administered by a variety of routes including oral, 
rectal, transdermal, subcutaneous, intravenous, imramuscular. and 
intranasal. These compounds are effective as both injectable and oral 
compositions. Such compositions are prepared in a mam>er well known in 
the pharmaceutical an and comprise at least one active compound. 

20 This mvemion also includes pharmaceutical compositions which 

contain, as the acUve ingredient, one or more of the compounds of formula I 
and lA above associated with phaimaceutically acceptable carriers. In 
making the compositions of this invention, the active ingrtdiem is usually 
mbted with an excipiem. diluted by an excipiem or enclosed within such a 
carrier which can be in the form of a capsule, sachet, paper or other 
container. When the excipiem serves as a dihient, it can be a soUd. semi- 
solid, or Ucpiid material, which acts as a vehicle, carrier or medium for the 
active ingrediem. Thus, the compositions can be in the form of tablets, piUs. 
powden. lozenges, sachets, cachets. elUin. suspensions, emulsions, 
solutions, syrups, aerosols (as a solid or in a liquid medium), oinmiems 
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containing, for example, up to 10% by weight of the active compound, soft 
and hard gelatin capsules, suppositories, sterile injectable solutions, and 
sterile packaged powders. 

In preparing a formulation, it may be necessary to mill the active 
compound to provide the appropriate particle size prior to combining widi 
the other ingredients. If the active compound is substantially insoluble, it 
ordinarily is milled to a particle size of less than 200 mesh.' If the active 
compound is substantially water soluble, the panicle size is normally 
adjusted by milling to provide a substantially uniform distribution in the 
formulation, e.g. about 40 mesh. 

Some examples of suiuble excipients include lactose, dextrose, 
sucrose, sorbitol, mannitol. starches, gum acacia, calcium phosphate, 
alginates, tnigacanth. gelatin, calcium silicate, microcrystalline cellulose, 
polyvinylpyrrolidone, ceUulose, water, syrup, and methyl cellulose. The 
formulations can additionally inchide: lubricating agents such as talc, 
magnesium siearate, and mineral oil; wetting agents; emulsifying and 
suspending agents: preserving agents such as methyl- and propylhydroxy- 
benzoates; sweetening agents: and flavoring agents. The compositions of djc 
invention can be formulated so as to provide quick, sustained or delayed 
release of the active ingrediem after administration to the patient by 
enqiloying procedures known in the art. 

The compositions are preferably formulated in a unit dosage form, 
each dosage containing from about 5 to about 100 mg, mote usuaUy about 10 
to about 30 mg, of the acUve ingrediem. The term "unit dosage forms- 
refers to physicaUy discrete units suitable as unitary dosages for human 
subjects and other mammals, each unit containing a predetennined quantity 
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of active material calculated to produce the desired therapeutic effect, in 
association with a suitable pharmaceutical excipiem. 

The active compound is effective over a wide dosage range and is 
generally administered in a pharmaceutically effective amount. It. will be 
understood, however, that the amount of the compound acnially administered 
wUI be determined by a physician, in the light of the relevant circumstances 
.ncluding rbc condition to be treated, the chosen route of administration, the 
acmal compound administered, the age. weight, and response of the 
individual patiem, the severity of the patient's symptoms, and the like. 

For preparing solid compositions such as tablets, the principal active 
ingredient is mixed with a pharmaceutical excipiem to form a solid 
preformulation composition containing a homogeneous mixoire of a 
compound of tbt present invention. When referring to these ptefonnulation 

compositions as homogeneous. U is meant that the active ingredient is 
dispersed evenly timnighout the composition so that the composition may be 
readUy subdivided iao equaUy effective unit dosage fonns such as tablets, 
pills and capsules. This solid preformulation is then subdivided into unit 
dosage forms of the type described above comaining from, for example, 0 1 
to about 500 mg of the active ingredient of the present invention. 



or 



The tablets or pills of the present invemion may be coated 
, otherwise compounded to provide a dosage form affording xbc advamage of 
prolonged action. For example, tiie tablet or piU can comprise an inner 
dosage and an outer dosage component, the latter being in the form of an 
envelope over the former. The two componems can be separated by an 
emeric layer which serves to resist disintegration in the stomach and permit 
the imier component to pass intaa into the duodenmn or to be delayed 
release. A variety of materials can be used for such enteric layers or 



m 
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coatings. such materials including a number of polymeric acids and mixtures 
of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose 
acetate. 

5 The liquid foims in which the novel compositions of the present 

invemion may be incorporated for administration orally or by injeaion 
include aqueous solutions, suitably flavored syrups, aqueous or oil 
suspensions, and flavored emulsions with edible oils such a& cononseed oil. 
sesame oil. coconut oil. or peanut oil, as well as elixin and similar 
10 pharmaceutical vehicles. 

Compositions for inhalation or insufflation include solutions and 
suspensions in pharmaceutically acceptable aqueous or organic solvents, or 
mixoires thereof, and powders. The liquid or solid compositions may 

15 contain suitable pharmaceutically acceptable excipients as described supra. 
Preferably the compositions are administered by the oral or nasal respiratory 
route for local or systemic effect. Compositions in preferably 
pharmaceuticaUy acceptable solvents may be nebulized by use of inert gases. 
Nebulized sotations may be breathed directly from the nebulizing device or 

20 the nebulizing device may be attached to a face mask, tent, or iniermittem 
positive pressure breathing machine. Solution, suspension, or powder 
compositions may be administered, preferably orally or nasally, from 
devices which deliver the formulation in an appropriate manner. 

25 The foUowing formulation examples illustrate the pharmaceutical 

compositions of the present invemion. 



30 



FormulaHrtn P.^amnlft 1 

Hard gelatin capsules containing the following ingredients are 
prepared: 
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InmdiP^ Quantity 
Active Ingredieni IrngZacsulsl 

305.0 

Magnesium stearate ^ q 

The above ingiediems are mixed and filled into hard gelatin capsules 
in 340 mg quantities. 



A tablet foimula is prepared using the ingredients below: 

Ingrcdienf (^oIUmLs 

Active Ingredient ^"^'^ 
CeUulose, microcrystalline 2OO O 

Colloidal silicon dioxide jq 0 

Stearic acid ^ ^ 

The componems are blended and compressed to fom tablets, each 
weighing 240 mg. 



Formiilarif^n F^fniTirlff ^ 
A dry powder inhaler fonnulation is prepared containing the 
following componentt: 



^Sl^redient ^"J*" ^ 

Lactose 



The active mixture is mixed with the lactose and the mixmre is added 
to a dry powder inhaling ^liance. 

EonnuiatioiLExaiQDifij 

Tablets, each comaining 30 mg of active ingredient, are prepared as 

follows: 
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Quantity 

a!5??S!1L>i . fmg/taMct) 
Active Ingrediem 3^ ^ 

otarcA Q 

5 Microcrystalline cellulose 35 0ing 
Polyvinylpyrrolidone 

(as 10% solution in water) 4 0 mg 

Sodium carboxymethyl starch 4 5 mg 

Magnesium stearate n « ™„ 

10 Talc "8 

Total 

120 mg 

The active ingredient, starch and cellulose are passed through a No. 
20 mesh U.S. sieve and mixed thoroughly. The solution of polyvinyl- 
pyrrolidone is mixed with the resultant powders, which are then passed 
through a 16 mesh U.S. sieve. The granules so produced ate dried at 50' to 
60'C and passed through a 16 mesh U.S. sieve. The sodium carboxymethyl 
starch, magnesium stearate, and talc, previously passed dmnigh a No. 30 
mesh U.S. sieve, are then added to the granules which, after mixing, are 
compressed on a tablet machine to yield tablets each weighing 150 mg. 

■t 

Fonnularinn F.^amplft ^ 
Capsules, each containing 40 rag of medicament are made as follows: 

T srarf' Quantity 
T^^fL^- Cmg/capMile) 

Acuve Ingredient 40.0 m 

. 109.0 ml 

Magnesium stearate 1 n 

30 Total ^■ '^"W 

150.0 mg 

The active ingredient, cellulose, starch, and magnesium stearate are 
blended, passed through a No. 20 mesh U.S. sieve, and fiUed into hard 
gelatin capsules in ISO mg quamities. 



20 



25 
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30 



Suppositories, each containing 25 mg of active ingredient are made as 

follows: 

Active Ingmiiem 

Saturated fatty acid glycerides to 2,000 mg 

The active ingredient is passed through a No. 60 mesh U.S. sieve and 
suspended in the saturated fatty acid glycerides previously melted using the 
minimum heat necessary. The mixnue is then poured into a suppository 
mold of nominal 2.0 g capacity and allowed to cool. 

Formuiarint^ Fifamnlf 7 

Suspensions, each containing 50 mg of medicament per 5.0 ml dose are 
made as follows: 



20 Inyredtgyn 

Xat^t^^*'"' 50.0 mg 

Xamhan gum a n 

Sodhun carboxymethyl cellulose (11 %)/ 

Microciystalline cellulose (89%) 500 ma 
o Sucrose 



Amount 
$0.0 mg 
4.0 mg 



Sodium benzoate 



1.75 g 



Flavor and Color 

Purified water to 5 O wl 



The medicament, sucrose and xanthan gum are blended, passed through 
• a No. 10 mesh U.S. sieve, and then mixed with a previously made solution 
of die microcrystaUine ceUulose and sodium carboxymethyl cellulose in 
water. The sodium benzoate. flavor, and color are dUuied with some of the 
water and added with stirring. SufRcient water is dien added to produce the 
35 required volume. 
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Formiiia^inn Firnmrlr n 

IflgOdififll 

Active Ingredient (m^miM 
Starch JiO'°8 
Magnesium stearate , 
Total 

425.0 mg 

The active ingredienL cellulose, sti^rch, and magnesium stearate are 
blended, passed throilgh a No. 20 mesh U.S. sieve, and filled into bard 
gelatin capsules in 560 mg quantities. 



Formiiiatif^n Fffnmnln ? 
An intravenous formulation may be prepared as foUows; 

Active Ingrediem 

Isotomc saline J 

^ Fofmtilarinn F.xampli» |Q 

A topical formulation may be prepared as follows: 

Ingredient nutmtini 

Emulsifying Wax 30 * 

25 Liquid Paraffin 20 e 

White Soft Paraffin (qiooJ 

The white soft paraffin is heated until molten. The liquid paraffin and 
emulsiiying wax are incorporated and stirred untU dissolved. The active 

30 ingrediem is added and stirring is continued untU dispersed. Themixnircis 
then cooled until solid. 



Another preferred formulation employed in the methods of the present 
invention employs transdermal delivery devices ("patches"). Such 
35 transdermal patches may be used to provide continuous or discontinuous 
infusion of the compounds of the presem invention in controlled amounts. 
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TTie constmctioii and use of transdennal patches for the delivery of 
pharmaceutical agents is well known in the art. See. . g U.S. Patent 
5.023.252, issued June 1 1. 1991. he«in incorporated by refeioKe. Such 
patches niay be constructed for continuous, pulsatile, or on demand delivery 
5 of pharmaceutical agents. 



TTie pharmaceutical composition may be imroduced to die brain. eiUier 
directly or indirecdy. when it is desirable or necessary. Di«ct techniques 
usually involve placement of a drug delivery catheter into the host's 
ventricular system to bypass the blood-brain barrier. One such implantable 
dehvery system used for die transport of biological factors to specific 
anatomical regions of d« body is described in U.S. Patent 5.011.472 which 
is herein incorporated by reference. 



10 



15 



20 



Indirect techniques, which are generally preferred, usuaUy involve 
formulating the compositions to provide for drug tatentiation by the 
conversion of hydrophiUc drugs into lipid-soluble drugs. Latentiation is' 
generally achieved through blocking of the hydroxy, carbonyl. sulfate, and 
primary amine groups presem on the drug to render the drug more lipid 
soluble and amenable to transporution across die blood-brain barrier. 
Alternatively, die deUvcry of hydrophilic drugs may be enhanced by 
intra-arterial infusion of hypertonic solutions which can transientiy open d» 
blood-brain barrier. 



25 Utility 

The compounds of diis invention can be employed to bind VLA.4 («.p, 
integrin) in biological samples and, accordingly have utility in, for example 
assaying such samples for VLA^. fa such assays, d« compounds can be 
bound to a solid support and die VLA^ sample added diercto. The amoum 
of VLA^ in die sample can be determined by conventional mediods such as 
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use of a sandwich EUSA assay. Alternatively, labeled VLA-4 can be used 
in a competitive assay to measure for the presence of VLA-4 in the sample. 
Other suitable assays are well known in the an. 

5 In addition, ceitain of the compounds of this invention inhibit, in vivo, 

adhesion of leukocytes to endothelial cells mediated by VLA-4 and. 
accordingly, can be used in the treatment of diseases mediated by VLA-4. 
Such diseases include inflammaiory diseases in mammaliairpatiein 
such as asthma, Alzheimer's disease, atherosclerosis, AIDS dementia, 

10 diabetes (including acute juvenile onset diabetes), inflammatory bowel 

disease (including ulcerative coUtis and Crohn's disease), multiple sclerosis, 
rheumatoid arthritis, tissue transplantation, tumor metastasis, meningitis, 
encephalitis, stroke, and other cerebral traumas, nephritis, retinitis, atopic 
dennatitis, psoriasis, myocardial ischemia and acute leukocyte-mediated lung 

15 injuiy SKh as that which occurs in adult respiratory disness syndrome. 

The biological activity of the compounds identified above may be 
assayed in a variety of systems. For example, a compound can be 
immobilized on a solid surface and adhesion of cells expressing VLA-4 can 
20 be measured. Using such formats, large numbers of compounds can be 
screened. Celb suiiabte for *is assay i«Ai(k any ieukncytes knoiwi to 

VLA-4 sudi as T cells, B ceils, monocytes, eosinophils, and 
bast^hils. A number of leukocyte cell Unes can also be used, examples 
include Jurkat and U937. 

25 

The test compounds can also be tested for the ability to competitively 
inhibit binding between VLA-4 and VCAM-l, or between VLA^ and a 
labeled compound known to bind VLA^ sudi as a compound of dus 
invention or antibodies to VLA-4. In these assays, tiie VCAM-l can be 
30 immobUized on a solid surface. VCAM- 1 may also be expressed as a 
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recombinant fusion protein having an Ig uiil (e.g.. jgO) so that binding to 
VLA^ may be detected in an inununoassay. Alternatively. VCAM-1 
expressing cells, such as activated endothelial cells or VCAM-1 transfected 
fibroblasts can be used. For assays to measure the ability to block adhesion 
to brain endothelial cells, the assays described in Intemational Patent 
AppUcaUon Publication No. WO 91/05038 are particulariy preferred. This 
application is incorporated herein by reference in its entirety. - 

Many assay foimats employ labelled assay components. The labelling 
systems can be in a variety of fonns. The label may be coupled directly or 
•ndirecUy to the desired component of the assay according to methods well 
known in the art. A wide variety of labels may be used. The component 
may be labelled by any one of seven, methods. TT« most common method 
of detection is the use of autoradiography with 'H. '"I. «S. '*C. or «P 
labelled compounds or the like. Non-radioactive labels include ligands 
which bind to labelled antibodies, fluoiophores. chemUuminescent agents 
enzymes and antibodies which can serve as specific binding pair members ' 
for a labelled ligand. The choice of label depends on the sensitivity required, 
ease of conjugation with the compound. stabUity requirements, and available 
20 instrumentation. 



15 



25 



30 



Appropriate in Mvo models for demonstrating efficacy in treating 
ioflannuuoiy responses inchide EAE (experimental autoimmune 
racephalomyeUtis) in mice. rats, guinea pig, or primates, as well as other 
inflammatoiy models dependent upon a4 integrins. 

Compounds having the desired biological activity may be modified as 
necessary to provide desired properties such as improved phannacological 
properties (e.g.. in vivo stability, bio-availability), or the ability to be 
detected in diagnostic applications. For instance, inclusion of one or more 
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D-amino acids in the sulfonamides of this invention typically increases in 
vivo stability. StabUity can be assayed in a variety of ways such as by 
measuring the half-life of the proteins during incubation with peptidases or 
human plasma or serum. A number of such protein stabUity assays have 
been described (see. e.g.. Vcrhoef. et al.. Eur. J. Drug Metab. 
Pharmacokinet., 1990, 15£2):83.93). 

For diagnostic purposes, a wide variety of labels may be linked to the 
compounds, which may provide, directly or indirectly, a detectable signal. 
Thus, the compounds of the subject invention may be modified in a variety 
of ways for a variety of end purposes while still retaining biological activity. 
In addition, various reactive sites may be introduced at the terminus for 
linking to particles, solid substrates, macromolecules, or the like. 

Labeled compounds can be used in a variety of in vivo or in vitro 
applications. A wide variety of labels may be employed, such as 
radionuclides (e.g.. gamma-emitting radioisotopes such as technetium-99 
indium-Ill), nuorescers (e.g.. fluorescein), enzymes, enzyme substrates, 
enzyme cofactors, enzyme inhibitors, chemiluminescem compounds, 
bioluminescent compounds, and the like. Those of ordinary skill in the an 
will know of other suitable labels for binding to the complexes, or wUl be 
able to ascertain such using routine experimentation. The binding of these 
labels is achieved using standard techniques common to those of ordinary 
skiU in the ait. 



or 



In vitro uses include diagnostic applications such as monitoring 
inflammatory responses by detecting the presence of leukocytes expressing 
VLA-4. The compounds of this invention can also be used for isolating or 
labeling such cells. In addition, as mentioned above, the compounds of the 
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invention can be used to assay for potential inhibitors of VLA-t/VCAM- 
interactions. 



For Ml vivo diagnostic imaging to identiiy. e.g.. sites of inflammation. 
5 radioisotopes are typicaUy used in accordance with well known techniques. 
The radioisotopes may be bound to the peptide either directly or indirectly 
using intennediate functional groups. For instance, chelating Agents such as 
diethylenetriaminepentacctic acid (DTPA) and ethylenediaminetetraacetic 
acid (EDTA) and similar molecules have been used to bind proteins to 
10 metallic ion radioisotopes. 

The complexes can also be labeled witij a paramagnetic isotope for 
purposes of in vivo diagnosis, as in magnetic resonance imaging (MRI) or 
electron spin resonance (ESR). both of which are well known. In general, 
any conventional method for visualizing diagnostic images can be used. 
UsuaUy gamma- and positron^mitting radioisotopes are used for camera , 
imaging and paramagnetic isotopes are used for MRI. Thus, the compounds 
can be used to monitor the course of amelioration of an inflammatory 
response in an individual. By measuring the increase or decrease in 
lymphocytes expressing VLA-4 it is possible to determine whether a 
particular therapeutic regimen aimed at ameUorating the disease is effective. 



15 



20 



The pharmaceutical compositions of the present invention can be used to 
Ijlock or inhibit ccUular adhesion associated with a number of diseases and 
25 disoiden. For instance, a number of inflammatory disorders are associated 
with integrins or leukocytes. Treatable disorders include, e.g.. 
transplantation rejection (e.g.. allograft rejection). Alzheimer's disease, 
atherosclerosis. AIDS dememia. diabetes (including acute juvenile onset 
diabetes), retinitis, cancer metastases, rheumatoid arthritis, acute 
leukocyte-mediated lung injury (e.g., adult respiratory distress syndrome). 



30 
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asthma, nephritis, and acute and chronic inflammation, including atopic 
dermatitis, psoriasis, myocardial ischemia, and inflammatory bowel disease 
(including Crohn's disease and ulcerative colitis). In preferred 
embodiments, the pharmaceutical compositions are used to treat 
5 inflammatory brain disorders, such as multiple sclerosis (MS), viral 
meningitis and encephalitis. 

Inflanunaiory bowel disease is a collective tenn for two similar diseases 
referred to as Crohn's disease and ulcerative colitis. Crohn's disease is an 

10 idiopathic, chronic ulceroconstrictive inflammatory disease characterized by 
sharply delimited and typically transmural involvement of ail layers of the 
bowel wall by a granulomatous inflammatory reaction. Any segment of the ^ 
gastrointestinal tract, from the .mouth to the anus, may be involved, although 
the disease most commonly affects the terminal ileum and/or colon. 

15 Ulcerative colitis is an inflammatory response limited largely to the colonic 
mucosa and submucosa. Lymphocytes and macrophages arc numerous in 
lesions of inflammatory bowel disease and may contribute to inflammatory 
injury. 

20 Asthma is a disease characterized by increased responsiveness of the 

tracheobronchial tree to various stimuli potentiating paroxysmal constriction 
of the bronchial airways. The stimuli cause release of various mediators of 
inflammation from IgE-coated mast cells including histamine, eosinophilic 
and neutrophilic chemotactic facton, leukotrines, prostaglandin and platelet 

25 activating factor. Release of these factors recr\xits basophils, eosinophils and 
neutrophils, which cause inflammatory injury. 



30 



Atherosclerosis is a disease of arteries (e.g., coronary, carotid, aorta 
and iliac). The basic lesion, the atheroma, consists of a raised focal plaque 
within the imima, having a core of lipid and a covering fibrous cap. 
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Atheromas compromise anerial blood flow and weaken affected arteries. 
Myocardial and cerebral infarcts are a major consequence of this disease. 
Macrophages and leukocytes are recruited to atheromas and contribute to 
inflammatory injury. 

5 

Rheumatoid arthritis is a chronic, relapsing inflammatory disease that 
primarily causes impairment and destruction of joints. Rheumatoid arthritis 
usually first affects the smaU joints of the hands and feet but then may 
involve the wrists, elbows, ankles and knees. The arthritis results from 
10 interaction of synovial cells with leukocytes that infiltrate from the 

circuiaUon into the synovial lining of the joints. See e.g.. Paul. Immunology 
(3d ed.. Raven Press, 1993). 

i 

Another indication for the compounds of this invention is in trcatmem of 

15 organ or graft rejection mediated by VLA-4. Over recent years there has 
been a considerable improvement in the efficiency of surgical techniques for 
transplanting tissues and organs such as skin, kidney, Uver, heart, lung, 
pancreas and bone marrow. Perhaps the principal outstanding problem is the 
lack of satisfactory agents for inducing immunotolenmce in the recipient to 

20 the transplanted aUograft or organ. When allogeneic celU or organs are 
transplanted into a host (i.e., the donor and donee arc different individuals 
from the same species), the host immune system is likely to mount an 
inunune response to foreign antigens in the transplant (host-versus-graft 
disease) leading to destruction of the transplanted tissue. CDS* cells. CD4 

25 cells and monocytes are all involved in the rejection of transplant tissues. 

Compounds of this invention which bind to alpha-4 iniegrin are useful, inter 
alia, to block alloaraigen-induced immune responses in the donee thereby 
preventing such cells from participating in the destruction of the tfansplanted 
tissue or organ. See, e.g.. Paul ct al.. Transplant International 9, 420-425 

30 (1996); Georczynskietal../mmHnoto^ 87. 573-580 (1996): Georcyznski et 
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al.. TrampUmt. Immunol. 3. 55-61 (1995): Yang et al.. Transplantation 60. 
71-76 (1995); and Anderson et al.. APMIS 102. 23-27 (1994). 

A related use for compounds of this invention which bind to VLA-4 is in 
5 modulating the immune response involved in "graft versus host" disease 
(GVHD). See e.g.. Schlegel et al., /. Immunol. 155, 3856-3865 (1995). 
GVHD is a potentially fatal disease tJ.ai occurs when immunologically 
competent cells are transferred to an allogeneic recipient. In this siniation. 
the donor's immunocompetent cells may attack tissues in the recipient. 

10 Tissues of the skin, gut epithelia and liver are frequent targets and may be 
destroyed during the course of GVHD. The disease presents an especially ^ 
severe problem when immune tissue is being transplanted, such as in bone 
marrow transplantation; but less severe GVHD has also been reported in 
other cases as well, including hean and liver transplants. The therapeutic 

15 agents of the present invention are used, inter alia, to block activation of the ' 
donor T-cells thereby interfering with their ability to lyse target cells in the 
host. ■ 



20 



25 



A further use of the compounds of this invention is inhibiting mmor 
metastasis. Several tumor cells have been reported to express VLA-4 and 
compounds which bind VLA-4 block adhesion of such cells to endothelial 
cells. Steinback et al., UroL Res. 23, 175-83 (1995); Orosz et al., //ir. 7. 
Concerto, 867-71 (1995); Frecdman et al., Uuk. Lymphoma 13, 47-52 
(1994); and Okahara et al.. Cancer Res. 54, 3233-6 (1994). 



A further use of the compounds of this invention is in treating multiple 
sclerosis. Multiple sclerosis is a progressive neurological autoimmune 
disease that affects an estimated 250,000 to 350,000 people in the United 
States. Multiple sclerosis is thought to be the result of a specific 
30 autoimmune reaction in which certain leukocytes attack and initiate the 
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destnicUon of myelin. Oie insulating sheath covering nerve fibers. In an 
ammal model for mulUple sclerosis, murine momxrlonal antibodies directed 
against VLA^ have been shown to block the adhesion of leukocytes to the 
endothelium, and thus prevent inflammation of the central nervous system 
5 and subsequent paralysis in the animals". 

Pharmaceutical compositions of the invention are suitable- for use in a 
variety of drug delivery systems. Suitable formulations for use in the presem 
invention a« found in Remington's Pharmaceutical Sciences. Mace 
Publishing Company, Philadelphia. PA. 17th ed. (1985). 

In order to enhance serum halMife. the compounds may be 
encapsulated, introduced into the lumen of liposomes, prepared as a colloid, 
or other conventional techniques may be employed which provide 
extended serum half-life of the compounds. A variety of methods 
available for preparing liposomes, as described in, e.g.. Szoka, et al.. U 
Patent Nos. 4.235.871. 4.501.728 and 4.837.028 each of which U 
incorporated herein by reference. 
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an 
are 



The amount administered to the patient wiU vary depending upon what is 
being administered, the purpose of the administration, such as prophylaxis or 
therapy, the state of the patient, the mamier of administration, and the like. 
In dierapeutic applicauona. compositions are administered to a patient 
already suffering from a disease in an amoum sufficient to cure or at least 
partially arrest the symptoms of the disease and its complications. An 
amount adequate to accomplish this is defined as a "thenpeuticaUy effective 
dose." Amounts effective for this use will depend on die disease condiUon 
being treated as weU as by the judgment of the attending clinician depending 
upon factors such as the severity of the inflammation, the age. weight and 
30 general condition of the patient, and the like. 
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The compositions administered to a patient are in the form of 
pharmaceutical composiuons described above. These composiuons may be 
sterilized by conventional sterilization techniques, or may be sterUe filtered. 
The resulting aqueous solutions may be packaged for use as is. or 
5 lyophilized. the lyophilized preparation being combined with a sterile 
aqueous carrier prior to administration. The pH of the compound 
preparations typically will be between 3 and 11. more preferably from 5 to 9 
and most preferably from 7 to 8. It will be understood that use of ceruin of 
the foregoing excipients. carriers, or stabilizers wiU result in the formauon 
10 of pharmaceutical salts. 



The therapeutic dosage of the compounds of the present invention will 
vary according to. for example, the particular use for which the treamient is 
made, the manner of administration of die compound, the health and 
condition of the patient, and the judgment of the prescribing physician. For 
example, for intravenous administration, the dose wiU typically be in the 
range of about 20 Mg to about 500 Mg per kilogram body weight, preferably 
about 100 Mg to about 300 ^g per kilogram body weight. Suitable dosage ' 
ranges for intranasal administration are generally about 0.1 pg to 1 mg per 
kilogram body weight. Effective doses can be extrapolated from 
dose-response curves derived from in vitro or animal model test systems. 



15 
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The following synthetic and biological examples are offered to illustrate 
this invention and are not to be construed in any way as limiting the scope of 
this invention. Unless otherwise sutcd. all temperanires are in degrees 
Celsius. 
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EXAMPLES 

In the examples below, the following abbreviations have the following 
meanings. If an abbreviation is not defined, it has its generally accepted 

meaning. 



aq or aq. 

AcOH 

bd 

bm 

bs 

Bn 

Boc 

BocjO 

BOP 



Cbz 

CHClj 

CH2CI, 

(COCI)i 

d 

dd 
dt 

DBU 

DCC 

DMAP 

DME 

DMF 

DMSO 

EDC 

EtjN 

EtjO 

EtOAc 

EtOH 

eq orcq. 

Fmoc 

FraocONSu 

g 
h 

H,Q 
HBr 
HCl 



aqueous 
acetic acid 
broad doublet 
broad multiplet 
broad singlet 
benzyl 

rm-butoxycarbonyl 
di-ftffr-butyl dicarbonate 
benzotriazol-l -yloxy- 

tris(diinethylamino)phosphoniuni 
hexafluoropliosphate 
carbobenzyloxy 
^ chloroform 
dichloromechane 
oxalyl chloride 
doublet 

doublet of doublets 
doublet of triplets 

1 ,8-dia2abicyclo[5.4.0Iundec.7^ne 
IJnlicycIohexylcarbodiimidc 
4-Ar,Ar-<iimethylaminopyridine 
ethylene glycol dimethyl ether 

A^.iV-dimethylfonnamide 

dimethylsulfoxide 

1 -(3 -dimethy laminopropy l)-3- 

cthylcarbodiimide hydrochloride 

triethylamine 

diethyl ether 

ethyl acetate 

ethanol 

equivalent 

AK9-fluorenyImethoxycarbonyl) 

AK9-fluorenyimethoxycarbonyl)- 

succinixnide 

grams 

hour 

water 

hydrobromic acid 
hydrochloric acid 
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35 



HOBT 
hr 

K2CO3 

L 

m 

MeOH 
mg 

MgS04 

mL 

mm 

mM 

mmol 

mp 

N 

NaCI 

Na^CO, 

NaHCO, 

NaOEt 

NaOH 

NH4CI 

NMM 

Phe 

Pro 

psi 

PtOj 

q 

quint 
It 

s 

sat 
t 

t-BuOH 

TFA 

THP 

TLC or tic 

Ts 

TsCl 

TsOH 

mL 



40 



1 -hydroxy bcnzotriazole hydrate 
hour 

potassium carbonate 
liter 

multipiet 

methanol 

milligram 

magnesium sulfate 

milliliter 

millimeter 

millimoiar 

millimol 

nielting point 

normal 

sodium chloride 
sodium carbonate 
sodium bicarbonate 
sodium ethoxide 
sodium hydroxide 
ammonium chloride 
^-methylmorpholine 
L-phenylalanine 
L-proline 

pounds per square inch 
platinum oxide 
quartet 
quintet 

room temperature 

singlet 

saturated 

triplet 

rerr-butanol 

trifluoroacetic acid 

tetrahydrofiiran 

thin layer chromatography 

tosyl 

tosyl chloride 

tosylate 

microliter 



In the examples below, all temperatures are in degrees Celcius (unless 
otherwise indicated). The foUowing Methods were used to prepare the 
compounds set forth below as indicated. 
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Method 1 
AT-Tosvlariop Pr/v^f^iiirp 
^-Tosylation of the appropriate amino acid was conducted via the 
method of Cupps. Boutin and Rapoport / Org. Chem. 1985, SO, 3972. 

Method 2 

Methvl Fsrer Pn-nar.ri,^n PrTTrriiirr ' 
Amino acid methyl esters were prepared using the method of Brenner 
and Huberffe/v. Oiim. Acta 1953. 36, 1109. 

Methods 
BOP roMp^iny Prnrnliirr 
The desired dipeptide ester was prepared by the reaction of a suitable N- 
protected amino acid (i equivalent) with the appropriate amino acid ester or 
ammo acid ester hydrochloride (1 equivalent), benzotriazol-l-yioxy- 
tris(dimediylamino)phosphonium hexafluorophosphate [BOP] (2.0 
equivalent), triethylamine (1.1 equivalent), and DMF. The reaction mixmre 
was stirred at room temperature overnight. The crude product is purified by 
flash chromatography to afford the dipeptide ester. 

Method 4 

Hvdmp..naf;np Pmr.^..rp, [ 

. HydrogenaUon was performed using 10% palladium on carbon (1096 by 
weight) in methanol at 30 psi overnight. The mixture was filtered through a 
pad of Celite and die fUtrate concemrated to yield the desired amino 
compound. 



PCT/US9a/l5312 

-- 98 .. 



Methods 
Hydrolysis Prr^rrfllirff f 
To a chilled (O'C) THF/H,0 solution (2: 1. 5 - 10 mL) of the 
appropriate ester was added LiOH (or NaOH) (0.95 equivalents). The 
5 temperature was maintained at CC and the reaction was complete in 1-3 
hours. The reaction mixture was extracted with ethyl acetate and the 
aqueous phase was iyophllized resulting in the desired carboxylate salt. 

Method 6 

10 Ester Hydrolysis Prnr^nrp jy 

To a chilled (O'C) THF/H,0 solution (2:1. 5 - 10 mL) of the 
appropriate ester was added LiOH (1. 1 equivalents). The temperanire was 
mainuined at CC and the reaction was complete in 1-3 hours. The reaction 
mixoire was concentrated and the residue was taken up into t^O and the pH 

15 adjusted to 2-3 with aqueous HCl. The product was extracted with ethyl 
acetate and the combined organic phase was washed with brine, dried over 
MgSO«. filtered and concentrated to yield the desired acid. 

Method? 

20 Ester Hvdml vsis PmrpHnr.. [ jy 

The appropriate ester was dissolved in dioxane/H,0 (1: 1) and 0.9 
equivalents of 0.5 N NaOH was added. The reaction was stirred for 3-16 
hours and than concentrated. The resulting residue was dissolved in HjO 
and extracted with ethyl acetate. The aqueous phase was lyophilized to yield 

25 the desired carboxylate sodium salt. 



Methods 

Sulfonvlatinn Prn^^prff | 

To the appropriately protected aminophenylalanine analog (1 1.2 mmol) 
dissolved in methylene chloride (25ml) and cooled to -78'C was added the 
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desired sulfonyl chloride (12 ramol) followed by dropwise addiuon of 
pyridine (2 mL). The solution was allowed to wann to room temperature 
and was stirred for 48 hr. The reaction solution was transferred to a 250 mL 
separatory funnel with methylene chloride (100 mL) and extracted with IN 
HCl (50 mL X 3). brine (50 mL). and water (100 mL). The organic phase 
was dried (MgS04) and the solvent concentrated to yield the desired 
product. 



Method 9 
Reductive Amtnafi»n Prirriliirr 
Reductive amination of Tos-Pro^>.NH2-Phe with the appropriate 
aldehyde was conducted using acetic acid, sodium triacetoxyborohydride. 
methylene chloride and the combined mixture was stirred at room 
temperature overnight. The crude product was purified by flash 
15 chromatography. 

Method 10 
BQC Remnval Pm^f>tnn; 
Anhydrous hydrochloride (HCl) gas was bubbled through a medmolic 
20 solution of the appropriate Boc-amino acid ester at O'C for 15 minutes and 
the reactioa mixture was stirred for three hours. The solution was 
concentrated to a syrup aod dissolved in EtjO and reconcentrated. This 
procedure was repeated and the resulting solid was placed under high 
vacuum overnight 
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Method 11 
rgfr-Butvl Rsrer Hvdmiv^ic Prnrfftnrn ] 
The tert-butyl ester was dissolved in CHjCl^ and treated with TFA. The 
reaction was complete in 1-3 hr at which time the reaction mixture was 
concentrated and the residue dissolved in HjO and lyophilized to yield the 
desired acid. 

Method 12 

EDC Coupiiny Prfv;ff|1^|rff J 

To a CHiClj solution (5-20 mL) of N-(toluene-4-sulfonyI).L-proline (1 
equivalent), the appropriate amino acid ester hydrochloride (1 equivalent). 

N-methylmorpholine (1.1-2.2 equivalents) and l-hydroxybcnzotriazolc (2 
equivalents) were added and mixed, placed in an ice bath and l-(3- 
dimethylaminopropyl)-3-€thyl carbodiimide (1.1 equivalents) added. The 
reaction was allowed to rise to room tempcramre and stirred overnight. The 
reaction mixture was poured into H^O and the organic phase was washed 
with sat NaHCO,, brine, dried (MgS04 or NaiS04). filtered and 
concentrated. The crude produa was purified by column chromatography. 

Method 13 
EDC Couniino Prncgdnm FT 
To a DMF solution (5-20 mL) of the appropriate N-protected amino acid 
(1 equivalent), the appropriate amino acid ester hydrochloride (1 equivalent), 
EtjN (1.1 equivalents) and 1 -hydroxy benzotriazole (2 equivalents) were 
Tnixed, placed in an ice bath and l-(3-dimethylaminopropyl)-3-€thyI 
carbodiimide (1.1 equivalents) was added. The reaction was allowed to rise 
CO room temperature and stirred overnight. The reaction mixture was 
partitioned between EiOAc and HjO and the organic phase washed with 0.2 
N citric acid, H^O, sat. NaHCO,, brine, dried (MgSO* or Na^S04). filtered 
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and concentrated. The crude product was purified by column 
chromatography or preparative TLC. 

Method 14 

Sulfonvlarinti Pmrprjiir,. fj 

The appropriate sulfonyl chloride was dissolved in CH^Clj and placed in 
an ice bath. L-Pro-L-Phe-OMe • HCI (I equivalent) and E^N (1.1 
equivalent) was added and the reaction allowed to warm to room temperamre 
and stirred overnight under an amiosphere of nitrogen. The reaction mixmre 
was concentrated and the residue partitioned between EtOAc and H^O and 
the organic phase washed with sat. NaHCO,, brine, dried (MgSO, or 
NajSO*). filtered and concentrated. The crude product was purified by 
column chromatography or preparative TLC. 

Method 15 

Sulfnnvlatinn PmriH<itr> fj] 

To a solution of L-Pro-L^Kliraethylaminopropyloxy)-Phe-OMe 
[prepared using the procedure described in Method 10) ( 1 equivalem) in 
CHjCI, was added Et,N (5 equivalents) followed by the appropriate sulfonyl 
chloride (l.l equivalem). The reaction was allowed to warm to room 
temperature aod sttned ovemite under an atmosphere of nitrogen. The 
mi«ure was concentrated, dissolved in EtOAc, washed with sat. NaHCO, 
and 0.2 N citric acid. The aqueous phase was made basic with solid 
NaHCO, and the product extracted with EtOAc. The organic phase was 
washed with brine, dried (MgSO, or Na^SO^. filtered and concentrated. 
The crude methyl ester was purified by preparative TLC. The 
correspondmg acid was prepared using the procedure described in Method 7. 
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Method 16 

To a methanol (10 -15 mL) solution of the azlactone was added NaOAc 
(1 equivalent) and 10% Pd/C. TTiis mixture was placed on the hydrogenator 
at 40 psi H,. After 8 - 16 houn. the reaction mixnire was filtered through a 
pad of Celite and the filtrate concentrated to yield the dehydrodipeptide 
methyl ester. The ester was dissolved in dio;?ane/H,0 (5- 10 mL). to which 
was added 0.5 N NaOH (1.05 equivalents). After stirring for 1- 3 houn. the 
reaction mix was concentrated and the residue was redissolved in HiO and 
washed with EtOAc. The aqueous phase was made acidic with 0.2 N HCI 
and the product was extracted with EtOAc. The combined organic phase 
was washed with brine (1x5 mL). dried (MgSO« or NajSO,). filtered and 
concentrated to yield the acid as approximately a 1: 1 mixture of 
diastereomers. 



Method 17 

rgrr-Butv! Rster HvHmly.j, pmcarinr,. TT 

The ten-butyl ester was dissolved in CHjCl, (5 mL) and treated with 
TFA (5 mL). The reaction was complete in 1-3 hours at which time the 
reaction mixmre was concentrated and the residue dissolved in Hfl and 
concentrated. The residue was redissolved in HiO and lyophUized to yield 
the desired product 

Example 1 

Synthesis of 

iV-(ToIueiie-4>sulfoayI>-L-prolyM- 

[3-(3-phenylpropyl)thioureidoHL-phenylalaniiie 
Methyl Ester 

An equimolar solution of /V.(toluene-4-sulfonyl)-L-proly|.4.amino-L- 
phenylalanine methyl ester and 3-phenylpropyl isothiocyanate in toluene w 
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surred at room tempemture for 16 hr. The solvent was stripped off giving 
an amber oil which was submitted to preparatory HPLC (Waters silica 
cartridge; 85/15 CH.CyEtOAc) for purification. The fractions were 
collected and the solvent removed yielding the title compound as a white 
solid, mp = 74.80''C. 
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Example 2 

Synthesis of 

Woluene-l^ijlfony|).L-prolyi-4. 

(3-(2.phenylethyl)thfourddo>L.phenylaJaiiiiie 
Methyl Ester 

An equimohu solution of A^-(toluene-4.sulfonyl)-L-proIyl^amino-L- 
Phenylalanine methyl ester and 3-phenylethyl isothiocyanate in toluene was 
stirred at room tempenn« for 16 hr. The solvent was stripped off giving 
an amber oU which was submitted to preparatory HPLC (Waters sUica 
cartridge: 85/15 CH.a^EtOAc) for purification. The fractions were 
coUected and the solvent removed yielding the title compound as a white ' 
solid, mp = 76-8 1'C. 

Example 3 

Synthesis of 

A^-(Toliieiie-4^ronyi.L^r6lyM. 

IKre/t.butoxycarbonyl)indoUne.2<arboxaniido]- 
L-pbenylalanine 

. The tide compound was prepared using the procedures described in 
Method 13 and Metiuxl 6. 
NMR data was as follows: 

'H NMR (DMSO^y: 5 = 8.00 (d. IH). 7.70 (d, 2H). 7.45 (d. 4H) 
7.19 (t, 4H). 6.90 (t. IH). 4.85 (m. IH). 4.00 (m. IH). 4.10 (m. IH). 3.00 
(m. 6H). 2.40 (s. 3H). 1.55 (m, 8H). 1.30 (s. 9H). 

Mass Spectroscopy: (+) FAB (M+H)* 677 (M+Na)* 699. 
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Example 4 

Synthesis of 
iV.(Toluene^sulfonyI)-L-prolyM. 

{3-[2-(inorpholiii^y|)ethyIl.thioureido>. 
L-pbenylalanine Methyl Ester 

An equimolar solution of Ar-(toIuene^sulfonyl)-L-prolylI-L-<4-ainino)- 
phenylalanine methyl ester and 2-morpholinocthyl isothiocyanate in toluene 
was stirred at room temperaoire for 16 hr. The solvent was stripped off 
giving a sticky white mass which was trimrated in diethyl ether yielding a 
white powder, mp = I58-168'C. 

Examples 

Synthesis of 
AMTohKne-4-sulfonyl-L-proiyl- 
4-(isonipecotamido)-L-phenyialanuie 

Woluene^sulfonyI).Li)rolyl-L-(4-amino)phenylalanine mediyl ester 
(9.0 g, 20 mmol) was taken into 300 mL of CH,CI„ with HOBT (5.0 g). N- 
Boc-isonipecotic acid (4.6 g. 20 mmol). and DCC (5.0 g. 24.3 mmol). The 
mixture was stirred overnight at room temperaoire. filtered and concentrated 
in vacuo. The resulting residue was partitioned between 10% citric acid and 
EtOAc. The organic layer was washed with HjO. samrated NaHCO,. H,0, 
dried over NajSO, and concentrated in vacuo yielding an amorphous solid. 
The resulting ester was converted to the acid using the procedure described 
in Method 6. The tide compound was prepared following the procedure 
described in Method 10 as a solid, mp » 125-128»C. 

NMR data was as follows: 

'H NMR (DMSO-d,): 6 = 8.60 (d. IH), 8.30 (d, IH). 8.05 (d. IH). 
7.70 (d. 2H), 7.50 (d. 2H), 7.40 (d, 2H). 7.15 (d. 2H). 4.40 (m. IH). 4.10 
(m, IH). 3.00 (m, 5H). 2.60 (m. 3H), 2.40 (s. 3H). 1.95 (m, 2H), 1.80 (m. 
2H). 1.60(m, 4H) 

Mass Spectroscopy: (FAB) (M+H)* 543. 
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Example 6 

Synthesis of 
Ar-(Toluene-4-sulfonyl).L-projy|^ 

PS.2^/e/r.butoxycarbonyI).I,2,3,4.tetrahydroi$oquinoline. 
3-carboxaiiiidoJ-L-phenylaJaiiiiie 

Substitution of ;V-Boc-L-tetrahydroisoquinoUne-3s:arboxylic acid for A^- 
Boc-isonipccotic acid, and foUowing the methods for preparation of Example 
5 (342). gave the ester of the tide compound as an amorphOM solid. The 
title compound was prepared using the procedure described in Method 6 as a 
solid, mp = 95'C. 

NMR datt was as follows: 

'H NMR (DMSOkW: 6 = 8.05 (d. IH). 7.70 (d. 2H). 7.43 (m. 4H) . 
7.18 (m. 6H). 5.60 (d. IH). 4.60 (m. 2H). 4.40 (m. 3H). 4.10 (s, IH) 3 00 
15 (m. 6H). 2.20 (s. 3H). 1.25/$. 9H). 

Mass Spectroscopy: (ESI) (M+H)* 691 (M + NH.)* 708. 



10 



20 



30 



Example 7 
SyntiMsis of 



^-(toIueiie-4^fonyl)-L-prolyt4. 
{3-[2-(morpholliH|.y|)ethyIHhioureido}.L-pIienyialanine 



The title compound was prepared from the product of Example 4 (335) 
using the procedure described in Method 6. 
25 NMR datt was as follows: 

V 'H NMR (DMSO^. 400 Mhz): 6 - 7.46 (d, 2H. J - 8.3Hz): 7.28 (d. 
. 2H. J = 8.5Hz): 7.16 (d. 2H. J - 6.3Hr); 7.03 (d. 2H. J - 6.4Hz): 4.25 
(dd. IH. J = 8.2Hz. 5.1Hz): 3.82 (dd, IH. J = 8.3Hz, 4.8Hz); 3.49 (t. 4H. 
J » 4.8Hz): 3.47-3.43 (m, 2H): 3.24.3.20(m. IH); 3.10-3.03 (m. 2H): 
2.80 (dd. IH. J = 9.7Hz. 8.8Hz): 2.30-2.29 (m. 3H): 2.25 (s. 3H): 1.72 (s. 
IH): 1.69-1.64 (m. IH): 1.55-1.42 (m, IH); 1.42-1.30 (m. IH). 

IR (KBr. cm-1): 3380: 3050: 2960; 2850; 2750; 1675; 1625; 1525; 
1450; 1425; 1349; 1300; 1200; 1150; 1100; 850; 800; 675; 600; 550. 
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Mass Spectroscopy: (+FAB) 602.3 (M-Li); 558.7; 505.0; 445.6; 399.7; 
339.2: 283.3; 239.3; 175.1; 133.1. 



Example 8 

^ Synthesis of 

iV-(Toluene-4-suJfonyl)-L-prolyl-4- 

{3-P-(monjhoIin-l-yOpropyll-thioureido}-L-phenyIalaiiine 

Methyl Ester 

10 An equimoiar solution of A^-(toluene^sulfonyl)-L-prolyI-L-(4- 

aminOphenylalaaine methyl ester and 3-morpholinopropyI isothiocyanate in 
toluene was stirred at room temperanire for 8 days then refluxed for 1.5 hr. 
After removel of the solvent, the residue was purified by flash 
chromatography (SiO^:CH,CN) to afford the methyl ester as an oil. 
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Example 9 

Synthesis of 
A^-(Toluene-4-sulfonyl)-L-prolyl-4- 
{3-[2^1peridiii.l-yI)ethyll-thloureido}-L-phenylalanlne 

An equimoiar solution of A^(toIuene-4.sulfonyl).L-prolyl]-L-(4. 
amino)phenylalanine medjyl ester and 2-piperidinoethyl isothiocyanate in 
toluene was stirred at room temperature for 16 hr. The mixwre was 
concentrated in vacuo giving an amber oil which was flash chiomatographed 
(SiOj; 25% CHjOH/CHjCN) yielding a white solid. The title compound 
was prepared using die procedure described in Method 6 as a solid, mp » 
14«-158'C. 

NMR data was as follows: 

'H NMR (DMSO-d,, 400 Mhz): 6 = 7.48 (d, 2H, J = 8.IH2); 7.29 (d. 
2H. J = 8.1Hz); 7.17 (d. 2H. J = 8.IH2); 7.04 (d. 2H, J = 8.1Hz); 4.26 
(t, 2H. J = 6.4Hz): 3.83 (t, 2H. 6.6Hz); 3.63 (s. 2H): 3.25-3.24 (m. 2H); 
3.09-3.05 (m. 2H); 2.84-2.81 (m. 4H); 2.25 (s. 3H); 1.72 (s. 3H): 1.67- 
1.66 (m, 2H); 1.53 (s. 4H); 1.39-1.36 (m. 2H). 
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IROCBr. cm-l): 3400; 3050; 2960; 1600; 1525; 1475; 1400; 1349; 
1250; 1 150; 1080; 670; 600; 550. 

Mass Spectroscopy: (+FAB) 573 (M+Li); 496; 411; 276; 224; 155; 

91. 

Anal. HPLC: (Priraesphere C-18. 2.0xl50nun; 40/60 CHjCN/H^O + 
0. 1 % TFA; flow rate = 0.2 ml min-l): 17.0 min retention ivne (94.7% 
purity). 

Example 10 

Synthesis of 
A^(ToIuene^uifonyO*L-prolyM- 
{3-[3-(morpholin-4-yl)propyl]-thioureido}.L-phenylalaiiine 

The title compound was pi^epared from the product of Example 8 (358) 
using the procedure described in Method 6. 
NMR data was as follows: 

'H NMR (DMSO-d,. 400 MHz): 5 = 8.3 (brd s . IH); 7.72 (m 3H).- 
7.39 (d. 2H. J-8HZ): 7.23 (d. 2H. J-SHz); 7.01 (d. 2H. J=8Hz); 4.0 (m 
2H); 3.5-3.0 (brd m. 43H); 2.38 (s. 3H); 2.28 (m. 5H); 1.72-1.36 (brd m. 
6H). 

IRCKBr, cm '): 3370, 2940. 1650. 1610. 1530.1510. 1440.1400. 1345. 
1260. 1190, 1160, 1120. 675. 590. 550. 

Mass Spectroscopy: (+FAB) 624 ( [M+LiD; 618; 586; 531; 496; 480; 
434; 385; 369; 343; 311; 279; ; 224; 221; 187; 155; 115; 100; 91. 

HPLC (NucleosU C-18; 25% MeCN/0.01 M ammonium formate buffer 
pH-3.5; flow rate»0.2 ml/min): 9.3 min retention time (97% purity). 
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Example 11 

Synthesis of 
A^(ToIuene-4-5ulfonyl-L-proiyl-4. 
[2S-Htoluene-4-suJronyi)pyrroUdine- 
2-carboxaniido]-L-phenyiaJanine Methyl Ester 

An equimolar solution of M(toIuene-4-sulfonyl)-L-prolyl-L-(4- 
ainino)phenylalanine methyl ester, M{toIuene-4-sulfonyl)-L-proline. 

benzotriazol-l.yloxy-tris(dimethylamino)phosphoniumhexanuorophosphiUe. 
and triethyl amine in acetonitrile were stirred at ambient temperature, under 
nitrogen, for 16 hr. The mixmre was concentrated in vacuo giving an amber 
colored oU which was flash chromatographed (SiOj, 6:1 CHiClj: CHjCN) 
yielding the title compound as a white solid, mp = 97-99'C. 

IS Example 12 

Synthesis of 
A^(Toluene-4^ulfonyl-L-prolyl- 
4-(nipecotainido)-L-phenylaJanine 

20 Substimtion of AABoc-nipecotic acid for MBoc-isonipecotic acid, and 

following the methods for preparation of Example 5 (342), gave the title 
compound as a white solid. 
NMR data was as follows: 

'H NMR (DMSO-d^: 6 = 8.57 (s, 2H), 8.05 (d. IH), 7.70 (d. 2H), 7.4 
25 (dd, 4H). 7.15 (d, 2H), 4.41 (m, IHO. 4.10 (d, IHO, 3.00 (m. 8H), 2.40 (s. 
3H), 1.60 (m, 8H). 

Mass Spectroscopy: (FAB) (M +H)* 543. 

Example 13 

30 Synthesis of 

^-(Toluene-4-sulfonyl-L-proiyl-4-[2S-l-(toluene- 
4-suironyl)pyrrolidlne-2-carboxamido]>L-phenylalanine 

The title compound was prepared from the product of Example 11 (395) 
35 using the procedure described in Method 6 as a solid, mp = laO-ied'C. 
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NMR data was as follows: 

'H NMR (DMSO^. 400 Mhz): 6 = 9.87 (s. IH); 7.76 (d 2H J = 
2.0Hz); 7.74 (d. 2H. / , 2.6Hz); 7.62 (d. IH. I = 5.49Hz); 7.43-7 36 (m 
6H); 7.01 (d, 2H. J - 8.6Hz): 4.20^.17 (m. IH); 3.99-3.96 (m. IH)- 3 83 
(q. IH. J » 5.3Hz): 3.43-3.39 (m. IH); 3.19-3.16 (m. IH); 3.15-3.11 (m 
IH); 3.07-3.00 (m. 3H); 2.39 (d. 6H. J = 4.8Hz); 1.85-1.72 (a,. 4H); 1 49- 
1-36 (in, 4H). 

IR (KBr. cm-1): 3350; 3030; 2960; 2850; 1660; 1600; 1525; 1450- 
1425; 1350; 1250; 1160; 1100; 1000; 830; 675; 590; 550. 

Mass Spectroscopy: (+FAB) 689.4 (M+Li); 681 (M-H); 673 4- 533 2- 
392.1; 224.0; 91.1 ' * 

Anal. HPLC: (Primesphcre C18. 2.0xl50inm; 40/60 CH3CN/H20 + 

0.1% TFA; flow rate- 0.4 mlmin-l) 1 1. 0 min retention time (95.8% 
purity). 

Exaiiq)le 14 

Synthesis of 
iV-(ToIiieoe^suironyl).L-prolyl^ 
[3-(2.phenyletJiyl)ureidoJ-L-plienylalaniiie 

The methyl ester was prepared by the reaction of M(toIuene.4-sulfonyl)- 
L-pn)lyl.M4.amino)phenylalanine methyl ester with phenethyl isocyanate 
(trieihylamine. toluene, reflux 1.5 houn). The resulting solid was removed 
by fUtration and washed well with EtOAC to give the methyl ester as a white 
solid. The tide compound was prepared using the procedure described in 
Methods. 

NMR data was as follows: 

'H NMR (DMSOA, 400 MHz): 6 = 12.77 (br s. IH); 8.38 (s. IH); 
7.98 (d. IH. J = 7.9Hz): 7.68 (d. 2H. J = 8.3Hz); 7.39 (d, 2H. J = 
8.1Hz): 7.23 (m. 7H): 7.06 (d. 2H. J = 8.5Hz): 6.02 (t. IH, J = 5 7Hz)- 
4.4 (m. IH); 4.1 (dd. IH. J - 3.18. 8.2Hz); 3.26 (m, 3H); 3.1 (m. IH)- 
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2.98 (dd. IH, J = 4.94. 13.7Hz); 2.88 (dd. IH. J = 8.34. 13.83Hz); 2.7 (t. 
2H. J = 7.1Hz); 2.38 (s.3H); 1.39-1.65 (m. 4H). 

IR (KBr. cm '): 3380. 2940. 2900. 1740. 1650. 1600. 1550. 1510. 
1350. 1310, 1240. 1190. 1150. 655. 590. 545. 

Mass Spectroscopy: ((+) FAB. m/e (%)) 601 (85. (M + Naf); 579 
(20[M+H1+). 

Example 15 
Synthesis of 

A'^(Toluene-4^uironyl).L-(tliiainorphoIin-3-€arbonyi). 

4KiV^e/t-butoxycarbonyUsompecotamido)-L-phenylalanlne 

Methyl Ester 

V. 

The title compound was prepared by dissolving A^-{Toluene-4.sulfonyl)^ 
L-(thiamorpholii»-3<arbonyl)iL-p-amino-phenylalanine methyl ester (1 eq.) 
in dichloromethane with Et,N (l.l eq, 600 mL) and the suitable acid 
chloride (1.1 eq). The title material was isolated as a solid, in 90% yield 
(1.95 g. 3.55 mmol). mp = 191-193''C. 

NMR data was as follows: 

'H NMR (CDCl,): 6 7.69 {m, 2H). 7.50 (m. IH), 7.43. (m. 2H). 7.31 
(m. 2H), 7.07 (m, 2H). 4.91 (m, IH). 4.73 (m, 2H). 4.14 (m. 2H), 3.75 (s. 
3H). 3.31 (m. IH). 3.05 (m. 2H). 2.71 (m..2H). 2.43 (m. 5H). 2.16 (m. 
IH). 1.75 (m. 5H), 1.43 (s.9H). 

"CNMR(CDa,): 6 173.6. 172.1. 171.8. 168.3. 167.9. 155.3. 145.1. 
137.9. 137.2, 131.9. 130.9. 130.5. 130.4, 127.7, 120.7. 80.3, 61.0, 56.0. 
54.4, 53.9. 53.2, 53.1, 44.5, 44.1, 37.8. 37.2. 29.1, 29.0, 26.1, 25.5, 25.3. 
• 22.2, 21.7. 14.8. 
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Example 16 
Synthesis of 

^-<Toluene-^suifonyl).L.(l,i-dioxothiamorpholii|. 

3-carbonyI)^A;f«rt.butoxycarbonyIisoiiipecotaiiiido)- 

L'phenylaianine 

The UUe compound was from Example 15 (557) following the procedure 
described by Ursson and Carlson (Acta Chemica Scan. 1994. 48. 522) and 
subsequent hydrolysis of the methy I ester. 

NMR data was as follows: 

'H NMR (CD3OD): 5 7.51 (m. 2H). 7.29 (m. 2H). 7. 16 (m. 2H). 6.96 
(m. 2H). 5.07 (m. IH). 4.40 (m. IH). 3.94.3.56 (m. 3H). 3.72-3.36 (m. 
2H). 3.02-2.65 (m. 6H). 2.31 (m. IH), 2.21 (s. 3H). 1.62 (m, 2H). 1.44 
(m.3H), 1.25(s, 9H). 

"C NMR (CD,OD): 4 176.'4. 176.3. 174.5. 174.4. 168.4, 168.2. 157.0. 

146.8, 139.3. 137.9. 137.8. 134.2. 132.0. 131.5. 129.2. 122.1. 121.8, 
81.7. 57.7, 57.6, 55.6. 55.4. 51.6. 51.5. 51.4. 51.4. 

Example 17 

Synthesis of 
/V-fToluene^uifonyD-Kthiainorpholiii- 

3M3ffbanyI)^(A^.rm-butoxy<arbottylisonipecotam 

L-phenylalanfne 

The title compound was prepared following the procedure ouUined for 
the preparation of Example 5 (342). 
NMR data was as follows: 

'H NMR (CDjOD): 6 7.60 (m. 2H). 7.29 (m. 2H), 7.13 (m. 2H). 6.98 
(m. 2H). 4.61 (m. IH). 4.44 (m. IH), 3.89 (m. 3H). 3.09 (m. 3H). 2.72 (m, 
2H). 2.59 (m, 2H). 2.39 (m. 2H). 2.20 (s. 3H). 1.97 (ra. IH). 1.61 (m. 
2H), 1.47 (m. 2H), 1.39 (s, 9H). 

"C NMR(CD,OD): 176.3. 174.7. 170.8. 170.6. 157.0. 146.1. 139.3. 

138.9. 134.3. 131.7. 131.5. 129.1. 122.0. 121.8, 81.7. 56.9, 55.7. 55.3. 
45.4. 45.3. 45.2. 42.6. 38.3. 37.9, 30.2. 29.3. 28.6. 28.3. 26.8. 26.7. 22.2. 
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Example 18 

Synthesis of 
A^-(Toluene-44ulfonyl)-L-(thiainorpholiii- 
3-carbonyl)-4-(isonipecotamido)-L-phenyialanuie 

The title compound was prepared following the procedure outlined for 
the preparation of Example 5 (342). 
NMR data was as foUows: 

•H NMR (CD,OD): 5 7.49 (m. 2H). 7.40 (m. 2H). 7.16 (m. 2H), 6.94 
(m. 2H), 4.61 (m. IH). 4.43 (m. IH). 3.73 (m, IH). 3.23 (m. 2H). 2.84 (in. 
5H). 2.53 (m. 4H). 2.20 (m. 4H). 1.83 (m. 5H). 

"C NMR (CDjOD): 6 174.6. 147.6. 170.9. 170.8, 170.7. 170.7. 146.1. 
139.5. 139.1. 139.1. 138.9. 138.8. 134.5. 134.5. 131.7. 131.6. 131.5. 
130.5. 129.8. 129.0. 126.9. 122.0. 121.8. 56.9. 56.8. 55.6. 55.6. 55.2. 
15 45.4. 45.1. 44.9. 42.2. 38.3. 37.9. 29.6. 28.4, 27.2. 26.8. 26.7. 22.1. 22.1. 



Example 19 
Synthesis of 

iV-(ToIuene-4.sulfonyi>L-(l,l.dioxothiainorphoUn- 
2° 3-«ari>onyI)-4-(isompecotanijdo)-L-phenylalanine 

The title compound was prepared from the produa of Example 16 (560) 
using the procedure described in Method 10. 

NMR data was as follows: 
25 'H NMR (CDjOD): 5 7.54 (m. 2H). 7.33 (m, 2H). 7. 17 (m. 2H). 6.95 

(m. 2H), 4.99 (m. IH). 4.42 (m, IH). 4.05 (m, IH). 3.74-3.27 (m. 2H). 
3.23 (m, 2H). 2.97 (m. 3H). 2.85 (m. 2H). 2.70 (m. 2H). 2.50 (m. IH). 
2*.21 (s, 3H), 1.72 (m. 4H). 

NMRCCDjOD): 6 174.7. 174.6, 174.5. 174.4. 168.5. 168.5. 146.9 
30 .139.1. 137.9. 134.4. 132.0. 131.6. 129.2. 122.1. 121.9. 27.8. 27.6. 35.6. 
55.4, 51.6. 51.5. 51.4. 44.9. 43.8, 43.6. 42.2. 38.1. 38.0. 27.2. 22.2. 
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Example 20 

Synthesis of 
/V-a'oluene^uIfonyl)-I.[(ia^oxo)th^^ 

3<arbonylhL-|.(isonipecotainido)phenylaliinr 

Ethyl Ester 

The tiUe compound was prepared by hydrogeaadon of the corresponding 
pyndine derivaUve in MeOH (10 mL) with a catalytic amoum^f 10% Pd on 
C. The hydrogenation reaction was run at room temperature for 12 houn at 
about 40psi. UponfiltraUonofthereactionmixmreovercelite.theso.vent 
was evaporated under reduced pressure yielding the title compound. 
>fMR data was as follows: 

•H NMR (CD,OD,: 6 7.79 (d. IH). 7.70 (d. IH). 7.54 (m. 2H). 7 49 / 
(m. 2H). 7.16 (m, 2H). 5.19 (m, IH). 4.63 (m. IH). 4.14 (m. 2H). 3.67 (n, 
IH). 3.48 (m, 2H). 3.29-2.74 (m. 7H). 2.41 (s. 3H), 2.05 (m. 5H) 

NMR (CD,OD): 6 167.9. 166.1. 161.9. 161.7. 140.1. 140.0. 132 4 
131.1. 127.5. 125.2. 125.1. 124.6. 122.4. 122.3. 115.2. 115.0. 56.3. 50 7 ' 
48.9. 44.8. 44.5. 37.9. 36.7. 36.5. 35.1. 31.1. 22.2. 20.2. 15.1. 8 0 



Example 21 

. - ^ . Synthesis of 

WoluMe^ulfonyl).L-[(l,l.dioxo)thiainorpholln. 

>carbonyl].L-4Kisonipecotaniido)phenylalanine 
25 Isopropyl Ester 

The tiUc compound was prepared following the procedure ouUined for 
flie preparaticn of Example 16 (560). 

NMR data was as follows: 

'H NMR (CD,OD): 6 7.72(m, 2H), 7.41 (m. 2H). 7.29 (m. 2H). 7.00 
(m. 2H). 5.06 (m. IH). 4.80 (m. IH). 4.45 (m, IH). 4.21 (m. IH). 3.50 (m 
2H). 3.31 (m. 2H). 3.00-2.64 (m. 9H), 2.30 (s. 3H). 1.87 (m. 4H). 1.08 
(m. 6H). 
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"C NMR(CD,OD): 6 74.3. 174.3. 172.1. 172. 168.2. 168.1. 146.5. 
146.4. 138.8. 138.8. 137.6. 137.5. 133.8. 133.8. 131.6. 131.5. 131. 128.8. 
128.7. 121.6. 121.4. 70.8. 70.8. 57.1. 57, 55.4. 



Example 22 
Synthesis of 

Ar-(Toluene-4-siiifonyt)-L-[(l,l-dioxo)thiainorpbolia- 
3<arbonyl]-L-4-(isoiupecotamido)phenyIalanme 
Cyclopentyl Ester 



10 



The title compound was prepared following the procedure outlined for 
the preparation of Example 16 (560). 
NMR data was as follows: 

'H NMR (CD,OD): 6 7.78 (d, IH), 7.68 (d. IH). 7.52 (m. 2H). 7.41 
15 (m, 2H), 7.12 (m. 2H). 5.16 (m. 2H). 4.59 (m. IH). 4.36-4.19 (m. IH). 
3.91 (m. IH). 3.48 (m, 2H), 3.13-2.88 (m, 8H). 2.43 (s. 3H). 1.82-1.60 
(ra. 12H). 

"C NMR (CD,OD): 6 174.3. 172.5. 172.4. 168.3, 168.2, 146.5. 146.4. 
138.8, 138.8, 137.7. 137.6. 133.9; 131.6. 131.5, 131.1, 128.8. 128.7. 
20 121.6, 121.4, 80.1, 80. 67. 57.2. 55.5. 55.4, 51.2. 

Example 23 
Synthesis of 

iV-(Toluene-4-sulfonyl)-L-[(l,l.dioxo)thianiorpholin- 
25 3-€arbonyl]-L-4-(isonipecotamido)phenylalamiie 

n-Butyl Ester 

The title compound was prepared following the procedure outlined for 
the preparation of Example 16 (560). 
30 NMR data was as follows: 

'H NMR (CDjOD): 6 9.89 (m. IH). 7.90 (m. 2H). 7.49 (m. 2H). 7.41 
(m. 2H). 7.11 (m 2H). 5.18 (m IH). 4.60 (m IH). 4.40 (m. IH). 4.09 (m 
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2H), 3.64 (m. 2H). 3.48 (m. 2H) .1.17-2.70 (m. 8H). 2.42 (s, 3h), 2.00 (m. 
4H). 1.58 (m. 2H), 1.33 (m, 2H). 0.93 (m. 3H). 

"C NMR (CD,OD): 6 174.4. 172.2. 172.6. 168.3. 168.2. 146.5. 146.4. 
138.9. 137.6. 137.6. 133.8. 131.6. 131.5. 131. 128.8. 128.7. 121.7. 121.6. 
121.5. 121.4. 66,5. 57.1. 55.5. 55.3. 51.1. 51.1. 

Example 24 
Synthesis of 

iy.(ToIiiene^fonyi).L.pro|yl^(4^ethylpiperazin. 
l-yicarbonyIaiiiiiio).L.phenylalaiime Isopropyl Ester 

The title compound was prepared by combining 1.0 eq of Ts-Pr^4. 
amino-Phe isopropyl ester and 1 .0 eq of 4-mtrophenyl chloroformate to ' ' 
CHA. The mixmre was capped with a septum. An N, line was attached. 
The flask was immersed in a 4:1 water/EtOH + dry ice slurry, and stirred to 
cool to .15'C. 2.5 eq E^N was added over several minutes with stirring, 
which was conUraied at -10 to -15 'C for 1 h. 1.0 eq N-methyl piperazine- 
was added over 3 min with stirring, It was stirred overnight while warming 
to room temperature. The mixmre was diluted with 700 mL hexanes and 
washed repeatedly with 10% K,CO, umil no yellow color (4.nitrophenol) 
was seen in the aqueous layer. It was then washed with sat. NaCl and dryed 
with MgSO«, fUtered and evaporated. The resulting material was dissolved 
in EtOH, and evaporated to remove E^N. The procedure was repeated 
once, nie resulting material was dissolved in EtOH. and water was added 
with stirring, precipitating a solid or oU. If an oil. it was stirred vigorously 
tosolidiiy. The solid was isolated by fUtnition. Dissolution, precipiution. 
and filtration were repeated once. Traces of yellow color were removed by 
rinsing with water. High vacuum to constant mass yielded the title 
compound as a white solid. 
30 NMR data was as follows: 

•H NMR (CD,),SO: 6 8.43 (s. IH). 8.20 (d. IH). 7.70 (d. 2H). 7.40 (d. 
2H). 7.36 (d. 2H). 7.08 (d. 2H). 4.86 (sept. IH). 4.38 (q. IH). 4.13-4.11 
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(m. IH), 3.41-3.31 (m. 5H). 3.10-3.05 (m. IH), 2.97-2.91 (m. 2H). 2.39 
(s. 3H). 2.29-2.26 (m, 4H). 2.17 (s. 3H). 1.65-1.41 (m. 4H). 1.16 (d. 3H). 
l.lKd, 3H). 

"C NMR(CD,)jSO: 6 171.2. 170.8. 155.1. 143.7. 139.2. 134.1. 
5 130.2. 130.0. 129.3, 129.3. 127.6. 119.4. 68.2. 61.2. 54.5. 53.7. 49.0. 
45.7. 43.6. 35.9, 30.5. 23.8. 21.5, 21.4, 21.0. 
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Example 25 
Synthesis of 



Ar-{toluene-4.sulfonyl).L-{S,5-diniethyl)-thiaproly|.4.t3S-2-(tm. 

butoxycai-bonyI).l,2J,4.tetrahydroisoqiiinoUne-3<arboxaniidoJ-L- 

phenylalanine tert-butyl ester 

The title compound was prepared foUowbg the procedure outlined for 
15 the preparation of Example 6 with the appropriate substimtions. 
mp = 94-96'C 



Exaiiq)le 26 

Synthesis of ' 

AKtoluene^sulfonyI)-L-(5,5^methyl)-thlaprolyl-4.t3S-2-(tert- 

butoxycarbonyl)-l,2^,44etrahydroisoquinoline-3-carboxainidoJ-D. 

phenylalanine tert-butyl ester 

The stalling materials (2R)-3K4.aminoi)henyi).2-{{(4R).5.5-dimethyl-3- 
25 (toluene-4.8ulfonyl).thiazolidine^arbonyil-amino}-propionic acid tert-butyl 
ester (630 rag), BOC-L-1.2.3.4-tetrahydroisoquinoline-3-carboxylic acid 
(377 mg). 4-methylmorpholine (0.52 mL) and DMF (10 mL) were added 
together at O'C (in an ice bath). BOP (627 mg) was added to the soluUon. 
The ice bath was removed after 10 minutes and the reaction mixmre was 
30 stined at room temperature for 20 houra. Ethyl acetate (25 mL) was added 
and the resultant mwnire washed with citric acid solution (5 %, 30 mL, 2x) 
followed by sanirated NaHCO, solution (2x). then washed with brine. The 
solution was dried over MgSO^. The solvent was evaporated in vacuo and 
the residue was purified using revene phase HPLC. The solvent was 
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CH3CN/water (75-957, CH,CN). The reteadon ,u„e was 13 mimu^. 
Freeze during yielded 20 mg of the uUe compound with a mp = 94.96-C. 

Example 27 

. Synthesis of 

jy.(toIuene^ulfonyl).L.{5.S.dimethyl)^aprolyM43S.^^ 
butoxycarbony.H,2^.4^etrahydroisoJlolir^ 

phenylalanine tert-butyl ester 

The starting materials (2R)-3-(4-amino.phenyl).2-{r(4R).5.5Hlimethyl.3. 
(toluene^sulfonyl)-thiazolidine^arbo„ylj.amino}-propionic acid tert-butyl 
ester (630 mg). 3.4^ihydro-lH-isoquinoline-2<arboxylic acid-tert-butyl 
ester (377 mg). 4-raeihybnoipholine (0.52 mL) and DMF (10 mL) were 
added together at O'C (in an ice bath). BOP (627 mg) was added to the ' 
solution. The ice bath was removed after 10 minutes and the reaaion 
mixture was stirred at room temperanire for 20 hours. Ethyl acetate (25 mL) 
was added and the resultant mixnire washed with citric acid solution (5% 30 
mL. 2x) followed by saturated NaHCO, solution (2x). then washed with 
brine. The soIuUon was dried over MgSO., filtered and evaporated in 
vacuo. The residue was purified usi^ reverse phase HPLC in 
CH,C:N/waier (75-95% CH,CN) with a retention time of 12 minutes. The 
product (30 mg) was freeze dries at 0.5 Torr. mp - 94.96T. 

Other compounds prepared by the methods described above include 
25 those set forth in Table n below: 
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Example 101 

In vitro Assay For Determining Binding of 
Candidate Compounds to VLA-4 

An in vUro assay was used to assess binding cf candidate compounds to 
a.P, mtegrin. Compounds which bind in this assay can be used to assess 
VCAM-1 levels in biological samples by conventional assays (? g 
competitive binding assays). This assay is sensitive to 1Q„ values as low as 
about loM. 

The activity of a.p, integrin was measured by the imeraction of soluble 
VCAM-1 with Juricat cells (e.g.. American Type Culture Collection Nos 
TTB 152. TIB 153. and CRL 8163). a human T^ell line which expresses 
lugh levels of integrin. VCXm-I interacts with the cell surface in an 
a.P, integrin^lependeM fiishion (Yednock. et al. J. Biol. Chem. 1995 
220:28740). 

Recombinant soluble VCAxM-l was expressed as a chimeric fusion 
protein containing the seven extracellular domains of VCAM-l on the N- 
terminus and the human IgG, heavy chain constant region on the C-terminus. 
The VCAM-l fusion protein was made and purified by the mamier described 
by Yednock, supra. 

-^"riot cells were grown in RPMI 1640 supplemented with 10% fetal 
bovine serum. penicUlin. streptomycin and glutamine as described by 
Yednock. supra. 

Jurkat cells were incubated with 1 .5 mM MnCl, and 5 Mg/mL 15/7 
amibody for 30 minutes on ice. Mn*» activates die receptor to enhance 
ligand binding, and 15/7 is a monoclonal antibody diat recognizes an 
activated/ligand occupied conformation of a.p, integrin and locks the 
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molecule into this conformation thereby stabilizing the VCAM-l/a,Pt 
integrin interaction. Yednock, et al., ^upra. Antibodies similar to the 15/7 
antibody have been prepared by other investigaton (Luque, et al, 1996, J. 
Biol. Chem. 221: 11067) and may be used in this assay. 

Cells were then incubated for 30 minutes at room temperanire with 
candidate compounds, in various concentrations ranging from 66 /iM to 0.01 

using a standard 5-point serial dilution. 15 /iL soluble recombinant 
VCAM-1 fusion protein was then added to Jurkat cells and incubated for 30 
minutes on ice. (Yednock et al., supra.). 

Cells were then washed two times and resuspended in PE-conjugated 
goat F(ab')2 anti-mouse IgG Fq (Immunotech, Westbrook, ME) at 1:200 and 
incubated on ice, in the dark, for 30 minutes. Cells were washed twice and 
analyzed with a standard fluorescence activated ceil sorter ("FACS") analysis 
as described in Yednock, et al., supra. 

Compounds having an IC,© of less than about 15mM possess binding 
affinity to aj^x- 

When tested in this assay, each of the compounds in Examples 1-97 has 
an ICso of IS mM or less. 

Example 102 

In vitro Saturation Assay For Determining Binding of 
Candidate Compounds to a^p. 

The following describes an in vitro assay to determine the plasma levels 
needed for a compound to be active in the Experimental Autoimmune 
Encephalomyelitis ("EAE") model, described in the next example, or in 
other in vivo models. 
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Log-growth Jurkat cells are washed and resuspended in aonnal animal 
plasma containing 20 ^g/ml of the 15/7 antibody (described in the above 
example). 
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The Jurkat cells are diluted two-fold into either normal plasma samples 
containing known candidate compound amounts in various concentrations 
ranging from 66 mM to 0.01 /xM. using a standard 12 point sAial dihition for 
a standard curve, or into plasma samples obuined from the peripheral blood 
of candidate compound-treated animals. 

Cells are then incubated for 30 mimites at room temperanire. washed 
twice with phosphate-buffered saline ("PBS") containing 2% fetal bovine 
serum and ImM each of calcium chloride and magnesmm chloride (assay 
medium) to remove unbound 15/7 antibody. 



The cells are then exposed to phycoeryihrin-conjugated goat F(ab')j ajjti- 
mouse IgG Fc (Immunotech. Wesibrook, ME), which has been adsorbed for 
any non-specific cross-reactivity by co-incubation with 5% serum from the 
animal species being smdied. at 1:200 and incubated in the dark at 4»C for 
20 30 mimites. 

Cells are washed twice with assay medium and resuspended in the same. 
They are dttn analyzed with a standard fluorescence activated cell sorter 
<"FACS') analysis as described in Yednock et al. J. Biol. Chem.. 1995. 
25 270:28740. 

The data is Aen graphed as fluorescence versus dose. e.g.. in a normal 
dose-response fashion. The dose levels that result in the upper plateau of the 
curve represem the levels needed vo obtain efffcacy in an m vivo model. 

30 
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This assay may also be used to determine the plasma levels needed to 
saturate the binding sites of other integrins. such as the cc,pi integrin, which 
is the integrin most closely related o,p, (Palmer et al, 1993, J. Cell Bio., 
123:1289). Such binding is predictive of in vivo utility for mflammatory 
5 conditions mediated by a9P, integrin, including by way of example, airway 
hyper-responsiveness and occlusion that occurs with chronic asthma, smooth 
muscle cell proliferation in atherosclerosis, vascular occlusion following 
angioplasty, fibrosis and glomerular scarring as a result of renal disease, 
aortic stenosis, hypertrophy of synovial membranes in rheumatoid arthritis, 
10 and inflammation and scarring that occur with the progression of ulcerative 
colitis and Crohn's disease. 

V 

> 

Accordingly, the above-described assay may be performed with a human 
colon carciiwma cell line, SW 480 (ATTC i«:CL228) transfcctcd with 
15 cDNA encoding ot, integrin (Yokosaid et al., 1994, J. Biol. Chem., 

269:26691), in place of the Jurkat cells, to measure the binding of the o43, 
integrin. As a control, SW 480 cells which express odier a and ft subunits 
may be used. 



Accordingly, another aspect of this invention is directed to a method for 
treating a disease in a mammalian patient, which disease is mediated by o^Pi, 
and which method comprises administering to said patient a therapeutically 
effective amount of a compound of this invention. Such compounds are 
preferably administered in a phannaceutical composition described herein 
above. Effective daily dosing will depend upon the age, weight, condition of 
the patient which factors can be readily ascertained by the attending 
clinician. However, in a preferred embodiment, the compounds are 
administered from about 20 to SOO ^g/kg per day. 
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Example 103 
In vivo Evaluation 

The standard multiple sclerosis model. Experimental Autoimmune (or 
Allergic) Encephalomyelitis ("EAE"). is used to determine the effect of 
candidate compounds to reduce motor impairment in rats or guinea pigs. 
Reduction in motor impairment is based on blocking adhesion between 
leukocytes and the endothelium and correlates with ami-inflaninatory 
activity in the candidate compound. This model has been previously 
described by Kesztheiyi et al.. Neurology. 1996, 47:1053-1059. and 
measures the delay of onset of disease. 



m 



Brains and spinal cords of adult Hartley guinea pigs are homogenized 
an equal volume of phosphate-buffered saline. An equal volume of Freund s 
complete adjuvant (100 mg wycobaaerium tuberculosis plus 10 ml Freund's 
incomplete adjuvant) is added to the homogenate. TTie mixmre is emulsified 
by circulating it repeatedly through a 20 ml syringe with a peristaltic pump 
for about 20 minutes. 

Female Uwis rats (2-3 months old, 170-220 g) or Hartley guinea pigs 
(20 day old. 180-200 g) are anesthetized with isoflurane and three injections 
of the emulsion. 0. 1 ml each, are made in each flank. Motor impairment 
onset is seen in approximately 9 days. 

. Candidate compound tieatmeu begms on Day 8. just before onset of 
symptoms. Compounds are administered subcutaneously ("SC"). orally 
("PO") or intraperitoneaUy ("ip-). Doses are given in a range of lOmg/kg 
to 200 mg/kg, bid. for five days, with typical dosing of 10 to 100 mg/kg SC. 
10 to 50 mg/kg PO. and 10 to 100 mg/kg IP. 
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Antibody GG5/3 against a^p, integrin (Keszthelyi ct al.. Neurology, 
1996, 47:1053-1059), which delays the onset of symptoms, is used as a 
positive control and is injected subcutancously at 3 mg/kg on Day 8 and 1 1 . 

5 Body weight and motor impainnent are measured daily. Motor 

impairment is rated with the following clinical score: 

0 no change 

1 tail weakness or paralysis 
^0 2 hindlimb weakness 

3 hindlimb paralysis 

4 moribund or dead 

A candidate compound is considered active if it delays the onset of 
15 symptoms, e.g.. produces clinical scores no greater than 2 or slows body 
weight loss as compared to the control. 



Example 104 
Asthma Model 

Inflammatory conditions mediated by a^p, integrin include, for example, 
airway hyper-responsiveness and occlusion that occurs with chronic asthma. 
The following describes an asthma model which can be used to study the in 
vivo effects of the compounds of this invention for use in treating asthma. 

Following the procedures described by Abraham et al, J. Clin. Invest, 
93:776-787 (1994) and Abraham et al. Am J. Respir Crit Care Med, 
J56:696-703 (1997), both of which are incorporated by reference in their 
entirety, compounds of this invention are formulated into an aerosol and 
administered to sheep which are hypersensitive to Ascaris suum antigen. 
Compounds which decrease the early antigen-induced bronchial response 
and/or block the late-phase airway response, e.g., have a protective effect 
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against amigcn-induccd late responses and airway hyper-responsiveness 
CAHR"), are considered to be active in this model. 

Allergic sheep which are shown to develop both early and late bronchial 
5 responses to inhaled Ascaris suum antigen arc used to study the airway 
effects of the candidate compounds. Following topical anesthesia of the 
nasal passages with 2% lidocaine, a balloon catheter is advanced through one 
nostril into the lower esophagus. The animals are then inmbatcd with a 
cuffed endotracheal tube through the other nostril with a flexible fiberoptic 
10 bronchoscope as a guide. 

Pleural pressure is estimated according to Abraham (1994). Aerosols 
(see formulation below) are gemerated using a disposable medical nebulizer 
that provides an aerosol with a mass median aerodynamic diameter of 3.2 

15 /an as determined with an Andersen cascade impactor. The nebulizer is 

connected to a dosimeter system consisting of a solenoid valve and a source 
of compressed air (20 psi). The output of the nebulizer is directed into a * 
plastic T-picce, one end of which is' connected to the inspiratory pon of a 
piston respirator. The solenoid valve is activated for I second at the 

20 beginning of the inspiratory cycle of the respirator. Aerosols are delivered 
at Vj of 500 ml and a rate of 20 breaths/minute. A 0.5 « sodhmi 
bicarbonate sohition only is used as a control. 

To assess bronchial responsiveness, cumulative concentration-response 
25 curves to carbachoi can be generated according to Abraham (1994). 

Bronchial biopsies can be taken prior to and following the initiation of 
treatment and 24 hours after antigen challenge. Bronchial biopsies can be 
preformed according to Abraham (1994). 
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An in vitro adhesion smdy of alveolar macrophages can also be 
performed according to Abraham (1994). and a percentage of adherent cells 
is calculated. 

Aerosol Fnmin|i|fjy,n 

A solution of the candidate compound in 0.5% sodium 
bicarbonate/saline (w/v) at a concentration of 30.0 mg/mL is prepared using 
the following procedure: '* 



10 



A. 



Preparation nf Q.5% Sodium Bicarhnnaw. f s^j^nm Htnric Snlnnnn- 
IQQ Q ml. 



15 



20 



Ingredient 


Gram / 100.0 mL 


Final Concentration 


Sodium Bicarbonate 


0.5 g 


0.5% 


Saline 


q.s. ad 100.0 mL 


q.s. ad 100% 



Procedure: 

1. Add 0.5g sodium bicarbonate imo a 100 mL volumetric flask. ' 

2. Add approximately 90.0 mL saline and sonicate until dissolved. 

3. Q.S, to 100.0 mL with saline and mix thoroughly. 



ition of 10 0 mg/mL rrinri^ria re Cnmpniinrf- 10 n yy^ f 



25 



Ingredient 


Gram / 10.0 mL 


Final Concentration 


Candidate Compound 


0.300 g 


30.0 mg/mL 


0.5% Sodium 
Bicarbonate / Saline 
Stock Solution 


q.s. ad 10.0 mL 


q.s ad 100% 



30 
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Procedure: 

1 . Add 0.300 g of the candidate compound into a 10.0 mL 
volumetric Rask. 

2. Add approximately 9.7 mL of 0.5 % sodium bicarbonate / saline 
5 stock solution. 

3. Sonicate until the candidate compound is completely dissolved. 

4. Q.S. to lO.O mL with 0.5% sodium bicarbonate / saline stock 
solution and mix thoroughly. 

10 Using a conventional oral formulation, compounds of this invention 

would be active in this model. 
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WHAT IS CLAIMED IS: 

I . A compound of formula I: 

O 

5 I I 

R'-SOj.N(R^K-Q-CH-C-OH i 

I I 
H R^ 

10 where 

R' is selected from the group consisting of alkyl, substituted, alkyl, aryl, 
substituted aryl, cycloalkyl, substituted cycloalkyi, heterocyclic, substituted 
heterocylic, hetcroaryl and substituted heteroaryl; 

R^ is selected from the group consisting of hydrogen, aJkyl, substimted 

15 alkyl, cycloalkyi, substituted cycloalkyi, cycloalkenyl, substituted 

cycloalkenyl, heterocyclic, substituted heterocyclic, aryl, substinited aryl, 
heteroaryl, substituted heteroaryl, and R' and R^ together with the nitrogen 
atom bound to R^ and the SOj group bound to R' can form a heterocyclic or 
a substituted heterocyclic group; 

20 R3 is selected from the group consisting of hydrogen, alkyl, substituted 

alkyi, cycloalkyi, substinited cycloalkyi, aryl, substituted aryl, heteroaryl. 
substinited heteroaryl, heterocyclic, substinited heterocyclic and, when R^ 
does not form a heterocyclic group with R^ R^ and R^ together with the 
nitrogen atom bound to R* and the carbon atom bound to R* can form a 

25 heterocyclic or a substituted heterocyclic group; 

R^ is -(CHJ.-Ar-R^' where R^' is selected from the group consisting of - 
NR*^(Z)NRV and -NR'K:(Z)R»^ wherein R'» is selected from the group 
consisting of hydrogen, alkyl and aryl, R* and R*' are independently selected 
from the group consisting of hydrogen, alkyl, substinited alkyl, aryl, 

30 substituted aryl. cycloalkyi, substinited cycloalkyi, heterocyclic, substinited 
heterocyclic, heteroaryl and substinited heteroaryl provided that when Z is 
oxygen, at least one of R« and R*' is substinited alkyl, cycloalkyi, substinited 



20 
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^cloalkyl. samrated heterocyclic other than morpholino and 
thiomoipholino. or substituted heterocyclic, and R« and R*" can be joined to 
form a saturated heterocyclc other than morpholino or thiomorphoiino. a 
saturated substituted heterocycle or a samrated/unsanirated heterocyclc 
5 having an amino group substimted with an aUcoxycarbonyl substimem. and 
further provided that when Z is sulfiir. at least one of R» and R*' is a group 
other than aryl. subsUnited aryl. heteroaryl or substimted heteroaryl. R" is 
selected from the group consisting of samrawd heterocycle other than 
morpholino and thiomoipholino. and substimted heterocycle, and Z is 
selected from the group consisting of oxygen, sulfur and NR« where R« is 
as defined above. 

Ar is aryl. substimted aryl. heteroaryl or substimted heteroaryl. 
X is an integer of from I to 4; 

Q is -C(X)NR^ wherein R' is selected from the group consisting of 
hydrogen and alkyl; and X is selected from the group consisting of oxygen 
and suiiiir: 

and pharmaceutically acceptable salts thereof, 

with the proviso that when R' is p^H,-*.. Q is -NHQO)-. and R^ and 

R^ are joined to form a pyrrolidinyl group, then is not /^[-NHC(0)-2-{l. 

Boc^Cbz.piperazinyl)J.benzyl- or/»-(-NHC(0)-2-(l-Boc-pipcrazinyl)J- 
benzyl-. 



10 



15 



25 



30 



2. A compound of formula lA: 



where 



R' O 

i I 

I I 
H R* 



R' is selected from the group consisUng of alkyl, substimted alkyl, aryl. 
substimted aryl. cycloalkyi, substimted cycioalkyl. heterocyclic, substimted 
heterocylic, heteroaryl and substimted heteroaryl: 
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^ is selected from the group consisting of hydrogen, alkyl. substituted 
alkyl, cycloallcyl, substinited cycloalkyl. cycloalkcnyl. substituted 
cycloalkenyl, heterocyclic, substinited heterocyclic, aryl, substinited aryL 
heteroaryi, substinited heteroaryl, and R' and together with the nitrogen 
atom bound to R^ and the SOj group bound to R* can form a heterocyclic or 
a substinited heterocyclic group; 

R^ is selected from the group consisting of hydrogen, alley 1» substinited 
alkyK cycloalkyl, substinited cycloalkyl, aryl, substinited aryl, heteroaryl, 
substinited heteroaryl, heterocyclic, substinited heterocyclic and. when R^ 
does not form a heterocyclic group with R*. R^ and R^ together with the 
nitrogen atom bound to R^ and the carbon atom bound to R^ can form a 
heterocyclic or a substinited heterocyclic group; 

R* is -(CH2)rAr-R^' where R*' is selected from the group consisting of - 
NR»^C(Z)NR«R«' and .NR»^(^)R'' wherein R»^ is selected from the group 
consisting of hydrogen, alkyl and aryl, R« and R*' are independently selected 
from the group consisting of hydrogen, alkyl. substinited alkyl, aryl, 
substinited aryl, cycloalkyl. substinited cycloalkyl. heterocyclic, substituted 
heterocyclic, heteroaryl and substinited heteroaryl provided that when Z is. 
oxygen, at least one of R* and R*' iis sustinitcd alkyl, cycloalkyl, substinited 
cycloalkyl, sanirated heterocyclic other than morpholino and 
thioraorpholino, substinited heterocyclic and R" and R*' can be joined to form 
a sanirated heterocycle other than morpholino or thiomorpholino. a sanirated 
substinited heterocycle or a sanirated/unsamrated heterocycle having an 
amino group substinited with an alkoxycarbonyl substimem, and further 
provided that when Z is sulfur, ai least one of Rf and R*' is a group other 
than aryl. substinited aryl, heteroaryl or substinited heteroaryl, R*' is 
selected from the group consisting of sanirated heterocycle other than 
morpholino and tbiomorpholino, and substituted heterocycle, and.Z is 
selected from the group consisting of oxygen, sulfur and NW^ where R*^ is 
as defined above. 
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At is aryU substituted aryl, heteroaryl or substituted heieroaryi, 
X is an integer of from 1 to 4; 

R* is selected from the group consisting of 2,4-dioxo-tetrahydrofiiraa-3- 
yl (3,4-cnol), amino, alkoxy, substimted alkoxy. cycloalkoxy. substinitcd 
5 cycloalkoxy, •O-(N-succinimldyl), -NH-adamantyl, -0<holest.5^n-3-p.yl, 
-NHOY where Y is hydrogen, alfcyl, substimted alkyl. aryl, and substimted 
aryl. -NH(CH2)pC00Y where /? is an integer of from 1 to 8 and Y is as 
defmed above, -OCHzNR^R'** where R' is selected from the group consisting 
of -C(0)-aryl and -C(0)-substimted aryl and R'*» is selected from the group 
10 consisting of hydrogen and -CHjCOOR" where R^> is alkyU and -NHSOjZ 
where Z is aikyi, substimted alkyi, cycloalkyl, substimted cycloalkyl. aryl. 
substimted aryl. heteroaryl. substimted heteroaryl, heterocyclic and 
substimted heterocyclic; 

Q is -C(X)NR^- wherein R' is selected from the group consisting of 
15 hydrogen and aUcyl; and X is selected from the group consisting of oxygen 
and sulfur; 

and pharmaceutically acceptable salts thereof 
with the proviso that when R* is fhCRy^, Q is -NHC(O)-, and and 
R^ are joined together with the nitrogen atom pendent to and the carbon 
20 atom pendent to R* to form a 3,3-dimethylpyrrolidinyl group, then R? is not 
p-[(piperiditt4-yl)C(0)NHl-benzyl-. 

3. A compound according to Claims 1 or 2 wherein R* is selected 
from the group consisting of alkyI, substimted alkyI, aryl. substimted aryl. 

25 heterocyclic, substimted hetcrocylic, heteroaryl and substimted heteroaryl. 

4, A compound according to Claims I or 2 wherein R* is selected 
from the group consisting of 4-methylphenyl, methyl, benzyl, /i-butyl. 
4-chlorophenyl, 1-naphthyl, 2-naphthyl. 4.methoxyphenyl. phenyl. 

30 2,4,6-trimcthylphenyl, 2-(mcthoxycarbonyl)phenyl, 2-carboxyphenyU 
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3,5-dichlorophenyl, 4.trifluorotneihylphcnyl, 3,4^ichlorophcnyl, 

3.4- dimcthoxyphenyl, 4.(CH3C(0)NH-)phcnyl, 4-trifluoromeihoxyphenyl, 
4-cyanophenyK isopropyl, 3,5-di-(trifluoromethyl)phenyK 4-f.butylphenyl, 

4- r-buioxyphenyI, 4-nitrophenyI, 2-ihienyl, l-N-raethyl-3-methyl- 

5- chloropyrazoM-yl, phenethyK l-N-methylimida20l-4-yl, 4-bromophenyl, 

4- amidmophcnyl. 4.meihylainidinophenyl, 4-{CHjSC(=NH)]phenyl. 

5- chloro-2-ihienyl, 2,5-dichloro-4-chienyl, l-N-methyl-4-pyra2olyl, 
Z-thiazolyl, 5-methyM,3,4-thiadiazol-2-yl, 4.[H2NC(S)]phcnyl. 
4-aniinophcnyl. 4-fluorophenyl, 2-fluorophenyl. 3-nuorophen^l. 

3.5- difluorophenyl, pyridin-3-yl. pyrimidin-2-yl, 4.(3'-dimethylamino- 
/i-propoxy)-phcnyl, and l-meihylpyra2ol-4-yl. 

5. A compound according to Claims 1 or 2 wherein R? is selected 
from the group consisting of h>;drogen, methyl, phenyl, benzyl, •(CHOi-l- 
thienyl and -(CH:)2-<|>. 

6. A compound according to Claims 1 or 2 wherein and 
together with the nitrogen atom bound to and the SOj group bound to R^ 
are joined to form a heterocyclic group or substiruted heterocyclic group. ' 

7. A compound according to Claims I or 2 wherein R' and R^ 
together with the nitrogen atom bound to the R^ substiment and the carbon 
bound to the R' substituent form a heterocyclic group or a substimted 
heterocyclic group. 

8. A compound according to Claims I or 2 wherein R? is selected 
from the group consisting of methyl, phenyl, benzyl, diphcnylmeihyl, 
•CHjCHi-COOH, -CHj-COOH. 2-amidoethyl, iso-butyl r-butyl, -CaO- 
benzyl and hydroxymethyl. 
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9. A compound acconling to Claims 1 or 2 wherein Q is preferably 
-C(0)NH. or -C(S)NH-. 
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10. A compound according to Claims 1 or 2 wherein K is selected 
from the group consisting of 4.f.NHC(0)CH(CH,)NHBoc]benzyl 
4-^^«C(0)CH(CH,4»)NHBoc^benzyl.4.^NHC(OHN-Boc^py„^^^^^^^ 
yl)I-benzyl-. 4-[-NHC(S)NHCHjCH,CHj-<J)l-benzyl. 

4-[-^mC(S)^mCH3CH,-<^,]-benzyI.4-^NHC(OH2^3^dihydro-N-Boc-i^dol. 
2-yI)]-benzyl.4-[-NHC(0)-3'-(N-Boc)-piperidinyIJ-benzyl. 

4-r-NHC(S)NHCH,CH,-(N-morpholino)J-benzyl.4-(.NHC(OH'- 

piperidinylJbcnzyl.4-(.NHC(OHI'.2'.3'.4'.tetrahydro-N.Boc.isoqui„olin- 
r-ylJ-benzyl.4.(-NHC(S)NHCH,CH,CH,-(N-morpholino)]-ben2yl. 
4-[.NHC(S)NH(CHj),-I-piperidjnylI-ben2yl. 4-[-NHC(S)NH(CHi),-N- 

morpholi„oI-ben2yl.4-f-NHC(0).L-2'-pyrrolidiny|.N-SO,^'-mediyiphenyi). 
benzyl. 4-f-NHC(0)-piperidin-3'-yl]-ben2yl. 4-[-NHC(OHN-{4'-CH3-4.. 
SOj)-L-pyrrolidin.2'-yl)J-bcnzyl. 4.I-NHC(0)NHCH:CH,.<{)J-benzyl. 4-{(l '. 
Cbz-pipcridin-4'.y|)C(0)NH-)ben2yl. 4-[(l'-Boc-piperidin^'- 

yl)C(0)^fH-lben2yl.4-[-NHC(0)-l'-methylpiperidin-4'.y|.]benzyl. 
4-[.NHC(0Hl '-N-Boc)-piperidin-2''-y l]-benzy I. 

4-[(Et),NCH,CH,CH,NHC(S)NH-lbenzyl.4.[(l'.Boc^'.hydroxypyrrolidin- 
2'-yl)C(0)NH.Ibcnzyl.4-{(DCH,CH,CH,NHC(S)NH.lbenzyl, 

4-{(perhydroindolin.2^yl)C(0)NH-lben2yI.4-f(l'-Boc.perhyilroindolin-2'- 
yl)-C(0)NH-Jbenzyl.4-t4'-hydroxypyrrolidin-2'-yl)C(0)NH-]benzyl. 
4KEtNHC(S)NH)benzyl. 4.((l,CH,NHC(S)NH)benzyl. 3-1(1 '-Hoc -piperidin- 
2'-yI)C(0)NH-Ibenzyi. 3-[(l'.Boc.piperidin-4'.yl)C(0)NH-Ibenzyl. 
3-[piperidm.2'-yI^(0)NH.]benzyl.3.[piperidin-4'-yl-C(0)NH-]bciayl. 
3-[(l'-Boc-pyrTolidin-2'-yl)C(0)NH-]bcnzyl.4-[(3'-Boc-thiazolidinwi'- 
yl)C(0)NH-Ibenzyl. 4-(CH3.NHC(S)NH)benzyI-. 4-{(pyrrolidin-2'- 

yl)C(0)NH-]ben2yl.4-t(l'.4'-di(Boc)piperazin.2'-ylVC(O)NH-]benryl. 
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^4-{(Mtoluenesulfonylpyrrolidm.2'.yI)C(0)NH-)butyl. 4.(-NHC(0)-l'-N- 
Boc-piperidm-2'-yl]-benzyI. 4-[-NHC(0)-piperidin-2'-yIJ-benzyl. 4.[(1 '-N- 
Boc-2'.3'-<Jihydroindolin-2'-yl)-C(0)NHl-bcnzyI. 4.((l'-Cbr-piperidm-4'- 

yl)C(0)NH-Ibcn2yl.4-{-NHC(0)-(l'.2'.3'.4'-tetrahydro.N-Boc-isoquinolin. 
3'-yI]-benzyl. 4-{(l'-Boc-piperidin-4'-yl)C(0)NH-)ben2yl, 4-[(r- 

methoxycarbonylpiperidin-4'-yl)C(0)NH-]benzyl.4-{(4'-phcnylpiperidm-4'- 
yl)C(0)NH-]benzyl. 4-[(4'-phenyi-l '-Boc-piperidin-*'-yl)-C(0)NH-Jbenzyi. 

4-[(4'-methylpiperazin-l'-yI)C(0)NH-]ben2yl.4.[(pyrroltdin-2'-yl)C(0)NH- 
Jbenzyl. 4-[-NHC(0).piperidin-r-yl]berttyl. 4.((thiomorpholip-4'-yl 
sulfone)-C(0)NH-]benzy|. 4-(.NHC(0H'-( 1 -bcnrylpiperidinyDlbcnzyl, 
4-[-NHC(0Hr .2',3 ' .4'-tetrahydro-N-Boc-quinoiin-2'-yl]-benzyl. 
4-((pyrrolidin-l'-yl)C(0)NH-)ben2yl and 4-{(l-cycIopropylpiperidin-4'- 
yl)C(0)NH-]benzyl. 

1 1 . A compound according to Claims I or 2 wherein R? is selected 
from the group consisting of 2.4-dioxo-tetrahydrofuran-3-yl (3.4-enol), 
methoxy, eUioxy, «(?-propoxy, n-butoxy. f-butoxy. cyclopemoxy. neo- 
pentoxy, 2-o-tjo-propyl-4-p-methylcyclohexoxy, 2-P-isopropyl-4-P- 
methylcydohexoxy, -NH,. benzyloxy. -NHCHjCOOH. -NHCHjCHjCOOH. 
-NH-adamantyl, -NHCHiCHiCOOCHjCHj. -NHSOj-p-CH,-<|>. -NHOR« 
where R» is hydrogen, methyl, /jo-propyl or benzyl. O-(N-succinimidyl), 
-0-cholesi.5-en.3-P-yl. -OCH,-OC(0)C(CH,)„ -b(CH:).NHC(0)W where i 
is I or 2 and W is selected from the group consisting of pyrid-3.yl, 
N-methylpyridyl, and N-methyl-l.4-dihydro-pyrid-3-yl. -NR''C(0).R' where 
R' is aryl, heteroaryl or heterocyclic and R" is hydrogen or 
-CH2C(0)0CH,CH,. 

12. A compound selected from the group consisting of 

iV-(toluene-4-sulfonyl)-L-prolyl-4-(2S-l-(fefT-buioxy- 
carbonyl)pyrrolidine-2-carboxamido]-L-phenylalanine methyl ester 



10 
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M(tolueiie^suIfonyl)-L-proIyl^{M(r«rr-butoxy. 
carbonyl)nipecotamidoJ-L-phenylalanine 

jV-(toIuene-^sulfonyl)-L-prolyl-4-{3-[2-(m^^ 
thioureidol-L-phenylalanine methyl ester 

AKtoIuene^sulfonyl>L-prolyl^isonipecotamido)-L-phenylaJanin^ 
A'-aoluene-4.sulfonyl)-L-prolyl-4-f3S-2-(r^^^^^ 

tetrahydroisoqu.noiineO<arboxamidol-L-phenylalanine '•^''•^ . 

AKtoluene^sulfonyl)-L-prolyI-4.{^ 
thioureido)-L-phenylaIaiune 

25 thioureido}-L-phenyIaJanine methyl ester 

iV.(toluene-4-sulfonyl)-L-prolyM-{3-{2-(pip^^^ 
thioureido}-L-phenylalanine , 

Ar-{toluene^sulfonyl>L-prolyl^{3-[3K^^^ 
thioureido}-L-phenylalaniiie 



15 



20 



30 



35 



40 



2-caitoxaniidol-L-phenylalanuie methyl ester 

S'A^(toluene-4^ulfoQyl).L-prolyl^(nipecotaraido)-L-pheiiylalanine 

AHtoluene^sulfonyiVL-prolyl^(2S-l-^ 
2-carboxanudo]-L-phenylalamne 

iV.(toluene^sulfonyl)-L-proiyI-4-(3-(2-phenylethyl)ureido]-L- 
phenylalanuie ' ^ ' j 

/V-{toIuene-4-suIfonyl>L-prolyl-4-(isonipecotam^^^ 



^5 methyl ester 
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A^-{toluene-4-sulfonyl).L-prolyl-4-(Mfm-butoxycarbonyl- 
isonipecotamido)-L-phenylalanine 

A^-(toluene-4-sulfonyl)-L-proIyl-3-(^-fen-butoxycarbonyl- 
isonipecotamido)-L-phenylalanine methyl ester 

A^-{toluene-4-sulfonyl)-L-prolyI-3-(^-fm-butoxycarbonyl- 
isonipecotami(lo)-L-phenylalaniae 

A^-(toluene-4-sulfonyl)-L-proiyl-3-(isompecotamido)-L-phenylalanine 

A^(tolucne-4-sulfonyl)-L-proiyl-3-(yV-w/T-buioxycarbonyl- 
pipecolinainido)-L-phenylaianine methyl ester 

A^-(toIucne-4.sulfonyl)-L-prolyl-3-(l-/tfrT-buioxycarbonylpyrrolidine-2- 
carboxamido)-L-phenylalanine methyl ester 

/V.(toluene-4-suifony l)-L-proIy I-3-( 1 -rm-buioxycarbony lpyrrolidine-2- 
carboxamido)-L-phenylalaiune 

^-{toluene-4-sulfonyl)-L-prolyl-4Kisonipecotamido)-L-pheriylalanine 
ethyl ester 

iVKtoluene-4-sulfonyl)-L-prolyl-4K2S-l-rm-butoxycarbonyl-pynx)lidine 
2-carboxainido)-L-phenylalanine 

A^-(toluenc^-sulfonyl)-L-prolyl-4-{3-(3-(MN-diethylaraino)propyl]. - 
thioureido}*L-pheaylalanme methyl ester ^ 

/V-{toluene-4.sulfonyl)-L-prolyl-4-(2S-l-rm.butoxycarbonyl-4- 
hydroxypyrroUdine-2-carboxamido)-L-phenylalaiune methyl ester 

AKtoluene-4-sulfonyl)-L-prolyl-4-(3-{3-phenylpropyl)thioureido]-L- 
phenylalanine 

iV-(toluene-4-suifonyl)-L-prolyM-[perhydroirKiole-2-carboxamidol-L- 
phenylalanine 

^-(tolucne^sulfonyl)-L-prolyl-4.(3-(2-phenylethyl)thioureidol-L- 
phenylalanine 

iV-{toluene-4-sulfonyi)-L-prolyl-4-{l-rerT-butoxycarbonyl- 
perhydroindole-2-carboxamido]*L-phetxylalanine 
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carDoxanudoVL-phenylaJanine methyl ester 

iV-<toluene^suifonyl).L.prolyl^2S-l-re;T-butoxyca^^^^ 
hydroxypyrrolidine-2<arboxainido)-L-phen>:ilaniiie 

M(toluci»^sulfonyl).L.prolyl^[3-(ethyl)thioureidoJ-L^^^^^ 

A^-dohiene^sulfonyD-L-prolylO-CMr^n-butoxycarbonyl- 
pipecolinanjido).L-phenylalanine 

iV-(tolueitt-t.sulfonyi)-L-prolylO.(pipecolirBunido).L-phenylalanine 

Ar-(toluene-4-suIfonyl)-L-prolyIwK2RO-^^^^^^ 
thia2olidine-4<arboxamido).L-phenylalanine 

Ar-(toluene-4-sulfonyl)-L-prolyl-4-(2R-3-rm-butoxycarbonyl- 
thia20ljdine-4<arboxamido)-L-phenylalanme methyl ester 

/V.(tolueiic^sulfonyl)-L-proiyl-4-(3-{methyl)thiourcidoJ-L- 
phenylalanine 

A^-(toluet)e-Usulfony|)-L-prolyI-4-(3-(ben2yi)thioureidoj.L-^ 

AKtolii«e-»-suifoiiyl)-L-prolyl^2S-pyrrolidiiJe-^ 
phenylalanine methyl ester 

AKtohiene^sulfcnyl)-L-proIyl-4-[1.4^i(Kn-butoxycarbonyl) 
zine-2-carboxamidoJ-L-phcaylalamne methyl ester 

-V-(toluene-4-sulfonyl)-L-prolyM-(1.4-di(«,r-butoxy- 
carbonyI)piperazine-2-carboxamidol-L-phenylalanine 

M(toluene-4.sulfonylVL-prolyI-4.(piperazine-2-carboxamido)-L- 
pnenylalaxune 



A^-(toluene-4.sulfonyl)-L-prolyl-4^iV-rm-butoxycarbonyl- 
pipecolinanudo)-L*pbenyialanine 

/V-(colueiie-4-sulfonyl).L-prolyl^(pipccoliiumido).L-phcnylalaninc 

A^-(toluene-4.sulfonyl).L-prolyl-M^-rm-butoxycarbonylpipecolin- 
amido)-L-phenyIalanine methyl sster 

A^-(toluene-4-sulfonyl).L-proiyl-4-(Hfm.butoxycarbonyl)indoline.^ 
carboxamidol-D-phenylalanine 

^-(toluene-4-sulfonyl)-L-prolyl-4-(Ar-carbobcn2yloxy-isonipecotamid 
D-phenylalanine 

A^-(tolucne-4.sulfonyl).L-2-(rm-butyl)glycinyl-4Kisonipecoumido>L- 
phenylalanine 

A^-(toluene^.sulfonyl)-L-(thiamorpholin-3K:arbonylM-(A^-fe/T^ 
butoxycarbonyiisonipccotaniido)-L-phenylaIanine methyl ester 

iV.(toluene^sdfonyl).L-(34slimethyl)prolyl-4-(isompecotamido).L- 
phenylalanine 

A^(toluene-4-sulfonyl)-L-( 1 , l-dioxothiamorpholuh3<arbonylH.(A^.rm 
butoxycarbonyiisonipccotamido)-L-phenylalamne 

iV-(toliienc-4-sulfonyl)-L-{ihiamorpholin-3-carbonyl)-4-(^-ferr- 
buioxycarbonylisonipecotamida)-L-phenylalaninc 

A^-(toluene-4-sulfonyl).L-(thiamoTpholin-3-carbonyl)^ 
(isonipecotamidoVL-phenylaianine 

/V-(toluene-4-sulfonyl>-L-( 1 . 1 -dioxothiamorpholin-3-carbony l)-4- 
(isompccoiamido)-L-phcnylalamne 

N-(tohiciie-4.suifonyl).L-(3,3-dimethyl)prolyl^[3S-2-(ferr- 

butoxycarbonyl)-l,23.4-tetrahydroisoquinolinc-3-carboxamido)-L- 
phenylalanine 

/V-{4-bromoben2enesulfonyl)-L-prolyl-4-(isonipecotamido)-L- 
phenylalanine 

iV-(tolucne-4-sulfonyl)-L-{3,3-dimethyl)prolyl-4-(;v.f^rf. 
butoxycarbonylisonipccotamido)-L-phcnylalamne ethyl ester 



149 PCT/US98/I5312 

'V-(tolueiie^sulfonyl)-L-prolyl-K;v.benzylisonipecotainido)-L- 
phenylalanine methyl ester 

M(toIuene-4-sulfonyl)-M3.3-dimethyl)prolyl^-(A/'-,ert. 
butoxycarbonylisompecotamido)-L-phenylalanine ethyl ester 

M(toluene-4-sulfonyi)-L-prolyl^{2S-t-hydroxypym)ndine-2- 
carboxamidoJ-L-phenylalanine JPy^nowe i 

Ar-(toluene-»-sulfonyl)-L-((l.lHlioxo)thiainorphoUn.3<arbonyl]-L-l- 
(isonipecotamido)phenylalajiine ethyl ester 

iVKtoIueiie-4-sulfonyl)-L.C(lJsiioxo)thiamorpholin.3-carbonyil-L-4- 
(isompecotamtdo)pfaenylaJanine isopropyl ester 

/V-(toluene-t.sulfonyl)-L-prolyl-4-(2S-(Mre;T-butoxycarbonyl- 
P«pecolinamido)l-L-phenylalanine ethyl ester 

A^-(toluene-4.sulfonyl)-L-proIy|.4.{3S.2.(rm-butoxycarbonyl).l 2 3 4- 
tetrahydroisoquinoline-3-carboxainidol-L-phenylalanine ethyl ester ' 

A/'-(tolueiie^sulfonylVL-[(l.l^ioxo)thiamorphoHn.3-carbonyll-L-4-(/V- 
methoxycarbonylisonipecotaraidOphenylalanine ethyl ester 

/y.(toIueiie^sulfonyl)-L-{(l.Mioxo)thiamorpholin.3<arboiiyll-L-t- 
(isompecotainido)phenylalanine cyclopentyl ester 

iV-(tolucne-4-sulfonyl)-L-prolyI-L^{4-phenyl-isonipecot- 
ainido)phenylalanine ethyl ester 

/V-{tohiene^sulfonyI).L.proly|.L-K^-/m.butyloxycarbonyl-».pheny|. 
isonipecotamidOphenylalanine ethyl ester 

AKtoluei>e-4.sulfoiiyl).L-prolyl-L-4Kisonipecotamido)phei»yl-alaiiine 
ethyl ester 

M(a-toluenestilfonyl)-L-prolyl-4.{I.(rerT-butoxycarbonyl).1.2 3 4- 
tctrahydroisoquinoline-2-carboxainido]-L-phenylalanme ethyl es'ter 

A/Ko-toluenesulfonyD-L-prolyl-L^A^^m-butyloxycarbonyl- 
isonipecotamido)phenylalanine ethyl ester 



150 

A^-(a-iolucnesulfonyl).L-prolyl-L-4-(isonipecotamido)phcnylalam^ 

A^-(toluene-4-sulfonyI).L-((ia^ioxo)thiamorpholinO-carbonyl].L-4^ 
(isompccotaniido)phenylalanine n-butyl ester 

A^-(a-toluenesulfonyl).L-prolyl-4-(l-(rm-buioxycarbonyl)-1.2,3.4- 
tea^ydroisoquinolinc-2<arboxamido]-L-phenylalanine 

A^-{a-toluenesulfonyl)-L-prolyl-L-4.{N-refT-butyIoxycarbonyl- 
i5oaipecotamido)phenylalanine 

A^-(toluene-4.sulfonyl)-L-prolyl-L-4-(A^r^/T.butyloxycarbonyl-4-ph^ 
isonipecotamido)phenylalanine 

M(toluene-4-sulfonyl)-L-prolyl-L-4^)V.benzyloxycarbonyl- 
isonipccotainido)phenylaJamne ethyl ester 

A^-{toluene-4-sulfonyl)-L-prolyl-4.[2S-l-pyrrolidine-2<arboxaniido)-L^ 
phenylalanine 

A^-(toluene-4-sulfony l)-L-((l, 1 •dioxo)thiamorpholin-3-carbonyll 
-L-4-(isonipecotamido)phcnylalanmc rm-butyl ester 

AKtoluene-4-sulfonyl)-iV-methyi-a-f-butylglycinyI-L-4-<iV- 
benzyloxycarbonylisonipccotamido)phenylalanine methyl ester 

/V.(toluene-4-sulfonyl)-L-(N-benzyloxycarbonylpiperi2in-2-carbonyl)-Lv 
4-(iV-benzyloxycarbonylisonipccotamido)phenylalanine methyl ester ' 

^-(toluenc-4.sulfony l)-L-proly l-4-{4-methy Ipiperazin- 1 - 
ylcarbonylaraino)-L-phenylalanine isopropyl ester 

/V-<tolucae-4-sulfonyl>-L-proiyl-L-4-(isonipecotamido)phenylalanine 
methyl ester 

^-<tohiene-4-suifonyl)-L-(piperi2in-2-carbonyl)-L-4. 
(isonipecotamido)phenylalaniae methyl ester 

A^<toluene'4-sulfonyl)-L-prolyM-(4H:yclopropylpipera2in-l- 
ylcarbonylaniino)-L-phenylalanine isopropyl ester 

Ar-(toluene^sulfonyl)-L-prolyl-4-(l-pyrrolidinyl)-L-phenylalaninef- 
butyl ester 
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phenylalanine r-butyl ester 

f^°'»«~^«''fonyO-L-proiyl.L^aiJHlioxo)thiamorpholin.3- 
5 car boxyamidojphenylalanine /-butyl ester; and 

/V-(toluene-^sulfonyl)-L-proly|.M2-methyJpyrrolidine.l. 
carboxyaniido)-L-phenylalanine ethyl ester 

A^-(tolueM^su|fonyl)-L-(5.5^inie&^^ 

phenylalanine tert-butyl ester , 

M(toIuene-4-sulfonyl).L-(5.5.dimethyl).thiaprolyI-t.(3S-2-(ten- 

butoxycarbonyl).l.2J.4.tetrahydro.so«piinoline/3<arbo^^^^ 
phenylalanine tert4)utyl ester *«a«aQj u 

and pharmaceutically acceptable salts thereof as well as any of the ester 
compounds recited above wherein one ester is replaced with another ester > ^ 
selected from the group consisting of methyl ester, ethyl ester. «.propy I 
ester, isopropyl ester. «-buiyI ester, isobutyl ester, j.c-butyl ester and ten- 
butyl ester. 

13. A pharmaceutical composition comprising a pharmaceutically 
accepuble carrier and a therapeutically effecuve amount of a compound of 
formula I:: 

O 

I I 

R'-Sa-N(Ri)-C^3^.C-0H r 



35 



H 

wher» 

R' is selected from the group consisting of alkyl, subsUnited alkyl. aryl, 
substituted aryl, cycloalkyl. substimted cycloalkyl. heterocyclic, substituted 
heterocylic, heteroaryl and substimted heteroaryl; 

R» is selected from the group consisting of hydrogen, alkyl. substimted 
alkyl. cycloalkyl. substimted cycloalkyl. cycloalkenyl. substimted 
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cycloaikenyl, heterocyclic, substituted heterocyclic, aryl, substituted aryl. 
heteroaryl, substituted heteroaryl, and R* and together with the nitrogen 
atom bound to R^ and the SO2 group bound to R^ can form a heterocyclic or 
a substituted heterocyclic group; 
5 R^ is selected from the group consisting of hydrogen, alkyl, substituted 

allcyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, heterocyclic, substituted heterocyclic and, when R^ 
does not form a heterocyclic group with R^ R^ and R^ together with the 
nitrogen atom bound to R^ and the carbon atom bound to R^ can form a 

10 heterocyclic or a substituted heterocyclic group; 

R^ is -(CH2),-Ar-R^' where R^' is selected from the group consisting of - 
NR»2C(Z)NR*R«' and -NR*K:{Z)R»' wherein R^^ is selected from the group 
consisting of hydrogen, alkyl and aryl, R* and R*' are independently selected / 
from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, 

15 substituted aryl, cycloaikyl, substituted cycioalkyl, heterocyclic, substimted 
heterocyclic, heteroaryl and substimted heteroaryl provided that when Z is 
oxygen, at least one of R^ and R*' is substituted alkyl, cycioalkyl, substituted 
cycioalkyl, saturated heterocyclic other than morpholino and 
thiomorpholino. or substimted heterocyclic, and R* and R*' can be joined to ' 

20 form a samrated heterocycle other than morpholino or thiomorpholino, a 
saturated substimted heterocycle or a samrated/unsaturated heterocycle 
having an amino group substituted with an alkoxycarbonyl substiment, and 
further provided that when Z is sulfur, at least one of Rf and R*' is a group 
other than aryl, substimted aryl, heteroaryl or substimted heteroaryl, R*^ is 

25 selected firom the group consisting of samrated heterocycle other than 
morpholino and thiomorpholino, and substimted heterocycle, and Z is 
selected from the group consisting of oxygen, sulfur and NR^^ where R*^ is 
as defined above, 

Ar is aryl, substimted aryl, heteroaryl or substimted heteroaryl, 

30 X is an integer of from 1 to 4; 
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Q is -C(X)NR'. wherein is selected from the group coasisting of 
hydrogen and alkyi; and X is selected from the group consisting of oxygen 
and sulfur: 

and phannaceutically acceptable salts thereof. 
5 ^ with the proviso that when R' is p^H,.<j>.. Q is -NHQO)-. and R^ and 
R^ are joined to form a pyrrolidinyl group, then R» is notp.{.NHC(0).2-(l- 

Boc-4^bz-pipera2inyl)J.ben2yl-or/,.(-NHC(0)-2Kl-Boc.piperazinyl)J- 
benzyl-. 



10 



20 



14. A pharmaceutical composition comprising a phannaceutically 
acceptable carrier and a therapeutically effective amount of a compou«l of 
formula lA: 

R^ O 

R'-SOj-N(R^)-,C-Q-CH-C-R* r* 

I I 
H R* 

where 

R' is selected from the group consisting of alkyI, substimted alkyl. aryi. 
substinited aryl. cycloalkyl. substituted cycloalkyl. heterocyclic, substimted^ 
heterocylic, heteroaryl and substituted heteroaiyl; 

is selected from the group consisting of hydrogen, alkyl. substimted 
alkyl. cycloalkyl. substimted cycloalkyl. cycloalkenyl. substimted 
cydoalkeayl. heterocyclic, substimted heterocyclic, aryl. substimted aryl. 
heteroaryl. substimted heteroaryl. and R' and R^ together with the nitrogen 
atom bound to R^ and the SO, group bound to R' can form a heterocyclic or 
a> substimted heterocyclic group; 

R* is selected from the group consisting of hydrogen, alkyl. substimted 
alkyl. cycloalkyl. substimted cycloalkyl. aryl. substimted aryl. heteroaryl. 
substimted heteroaryl. heterocyclic, substimted heterocyclic and. when 
does not fonn a heterocyclic group widi R', R^ and R^ together with the 



25 



30 
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rwogen atom bound to and the carbon atom bound to can form a 
heterocyclic or a substituted heterocyclic group; 

R^ is -(CHi),-Ar-R^* where R*' is selected from the group consisting of - 
NR*^(2)NRW and -NR"C(Z)R»^ wherein R^^ is selected from the group 
5 consisting of hydrogen, alkyl and aryl, and R*' are independendy selected 
from the group consisting of hydrogen, allcyl, substimied alley 1, aryl, 
substituted aryl, cycloalkyi, substimted cycloallcyl, heterocyclic, substimted 
heterocyclic, hetcroaryl and substimted heteroaryl provided that when Z is 
oxygen, at least one of R« and R*' is sustimted alkyl, cycloalkyi, substituted 
10 cycloalkyi. samrated heterocyclic other than morpholino and 

thiomorpholino. substimted heterocyclic and R" and R*" can be joined to form 
a samrated heterocycle other than morpholino or thiomorpholino. a samrated 
substimted heterocycle or a saturated/unsaturated heterocycle having an 
amino group substimted with an alkoxycarbonyl substiment, and further 
15 provided that when Z is sulfur, at least one of R? and is a group other 
than aryl, substimted aryl, heteroaryl or substimted hetcroaryl, R*^ is 
selected from the group consisting of samrated heterocycle other than 
morpholino and thiomorpholino, and substimted heterocycle, and Z is 
selected from the group consisting of oxygen, sulfur and NR»^ where R»* is 
20 as defined above, 

Ar is aryU substimted aryl, heteroaryl or substimted heteroaryl, 
X is an integer of from 1 to 4; 

R* is selected from the group consisting of 2,4-dioxo-tetrahydrofuran-3- 
yl (3,4-cnolX amino, alkoxy, substimted alkoxy, cycloalkoxy. substimted 

25 cycloalkoxy, -O-(N-succinimidyl), -NH-adamantyl, -0<holest-5-en-3-p-yl, 
-NHOY where Y is hydrogen, alkyl, substimted alkyl, aryl, and substituted 
aryl, ->fH(CHa)pCCX)Y where p is an integer of from 1 to 8 and Y is as 
defined above, -OCHjNRTl'o where R* is selected from the group consisting 
of -C(0)-aryl and -C(0)-substimted aryl and R**^ is selected from the group 

30 consisting of hydrogen and -CH^COOR'* where R*^ is alkyl, and -NHSOjZ 
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where Z is alkyU substituted alkyl, cycloaltcyl. substituted cycloalkyl. aryi, 
substituted aiyl heteroaryl, substituted hcteroaryl» heterocyclic and 
substituted heterocyclic; 

Q is -C(X)NR'- wherein R' is selected from the group consisting of 
hydrogen and alkyl; and X is selected from the group consisting of oxygen 
and sulfur; 

and pharmaceutically acceptable salts thereof 

with the proviso that when R' is /^CHj-<J>-/Q is -NHC(O)-, and R^ and 
R^ are joined together with the nitrogen atom pendent to R? and the carbon 
atom pendent to R* to form a 3,3-dimethyipyrrolidinyl group, then R? is not 
p-[(piperidin-4.yl)C(0)NHl.bcnryl-. 

15. A pharmaceutical composition according to Claims 13 or 14 
wherein R^ is selected from the group consisting of alkyl, substimted alkyl, 
aryU substimted aryl, heterocyclic, substituted heterocylic, heteroaryl and 
substimted heteroaryl. 

16. A pharmaceutical composition according to Claims 13 or 14 
wherein R* is selected from the group consisting of 4-methylphenyl. methyl, 
benzyl, n-butyl, 4-chlorophenyl, 1-naphthyl, 2-naphthyl, 4-methoxyphenyl, 
phenyl, 2,4,6-trimethylphenyl, 2-(methoxycarbonyl)phenyl, 2- 
carboxyphenyl, 3,5-dichlorophenyl, 4-irifluoromethylphenyl, 3,4- 
dichlorophenyl, 3,4-dimethoxypbenyl. 4.(CH3C(0)NH-)phenyl, 4- 
trifluoromethoxyphcnyl, 4-cyanophenyl, isopropyl, 3,5-di- 
(trifluoromethyl)phcny!, 4-f-butyiphenyl, 4-f-butoxyphcnyl, 4-nitrophcnyl, 2- 
thienyl, l-N-meihyl-3-methyl-5-chloropyrazol-4-yl, phenethyl, 1-N- 
methylimidazol-4-yU 4-bromophenyl, 4-amidinophenyl, 4- 
methylamidinophenyl, 4-[CH3SC(=NH)]phenyl, 5-chloro-2-thienyU 2,5- 
dichloro-4-thicnyl, l-N-meihyl-4-pyrazolyl, 2-thiazolyl, 5-methyH,3,4- 
tliiadiazol-2-yl, 4-[H;NC(S)lphenyl, 4-aminophenyl, 4-fluorophenyl. 2- 
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n^orophenyl, S-Huorophenyl, 3,5-difluorophenyl. pyridin-S-yU pyriniidm-2- 
yl, 4-(3'-dimethylaniino-n-propoxy)-phenyL and l-methylpyrazol^yl. 

17. A pharmaceutical composition according to Claims 13 or 14 
wherein is selected from the group consisting of hydrogen, methyl, 
phenyl, benzyl. -(CH2)r2-thienyl and -(CH,):-^^. 

18. A pharmaceutical composition according to Claims 13 or 14 
wherein R* and R^ together with the nitrogen atom bound to R^ and the SO, 
group bound to R* are joined to form a heterocyclic group or substimted 
heterocyclic group. 

19. A pharmaceutical composition according to Claims 13 or 14 
wherein R^ and R^ together with nitrogen atom bound to the R' 
substiment and the carbon bound to the R^ substituent form a heterocyclic 
group or a substimted heterocyclic group. 

20. A pharmaceutical composition according to Claims 13 or 14 
wherein R^ is selected from the group consisting of methyl, phenyl, benzyl, 
diphenylmethyl, -CHjCHj^OOH, -CHj-COOH, 2-amidoethyl, wo-butyl, h 
butyl, -CH20-ben2yl and hydroxymethyl. 

21. A pharmaceutical composition according to Claims 13 or 14 
wherein Q is preferably -C(0)NH- or -C(S)NH-. 

22. A pharmaceutical composition according to Claims 13 or 14 
wherein R* is seleaed from the group consisting of 4-(- 
NHC(0)CH(CHj)NHBoclbenzyl, 4-{-NHC(0)CH(CH24>)NHBoc]-bcnzyl. 4- 
[-NHC(OHN-Boc)-pyrrolidin-2-yl)l.bcnzy|., 4-[-NHC(S)NHCH2CHiCH2. 
(J)]-benzyK 4.[-NHC(S)NHCHjCHi.(t)l-benzyl, 4-(-NHC(OH2',3'^ihydro- 
N-Boc-indol-2-y l)I-bcnzy I, 4.[-NHC(0)-3 '-(N.Boc)-piperidinyl]-benzy I, 
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4-(-NHC(S)NHCHiCH,-(N-morpholino)).benzyl . 4-{-NHC(0)-4'- 

piperidinyljbcnzy!. 4.{.NHC(0H 1 ' .2' .3' .4'-tetrahydro.N-Boc-isoquinolin- 

r-yl]-benzyl. 4-{-NHC(S)NHCH:CH,CHj-(N-morpholino)l-benzyl. 

4-(-NHC(S)NH(CH:),-l-piperidinylJ.benzyl. 4-f NHC(S)NH(CH,)j-N. 
5 morpholinoj-benzyl. 4-[-NHC(0)-L-2'-pyrrolidinyl-N-SOi-4'-methylphenyI]- 

benzyl, 4.(-NHC(0)-piperidin-3'-yl]-ben2yl, 4.(-NHC(OHN-(4'-CH3-4>. 

S0:)-L-pyrT0lidinr2'-yl))-beiizyl, 4.(.NHC(0)NHCHjCHr<(>]-benzyl. 4-((r. 

Cbz-piperidin-4'-yl)C(0)NH-lbeiizyl. 4-((l '-Boc-piperidm-4'. - 
yl)C(0)NH.Jbenzyl, 4.f.NHC(0)-l '-methylpiperidin-4'-y|-)ben2yl. 
10 4.[.NHC(OWr-N-Boc)-piperidia-2'-yl]-benzyl. 

4-{(Et):NCH,CH,CH2NHC(S)NH.]benzyl. 4-((l'-Boc-4'-hydroxypyrrolidin- 
2'-yl)C(0)NH-lbenzyl. 4-[<j>CHjCHjCH,NHC(S)NH-Ibenzyl. 
4-((perhydroindolin-2'-yl)C(0)NH-Jbenzyl. 4-((l '-Boc-perhydroindolin-2'- . ^ 
yl)-C(0)NH-IbenzyI. 4-l4'-hydroxypyrrolidin-2'-yl)C(0)NH-lbenzyl. 
15 4-(EtNHC(S)NH)benzyl. 4-{<|>CHjNHC(S)NH)benzyl. 3-[(l '-Boc-piperidin- 
2'-yI)C(0)NH-)ben2yl. 3-1(1 '.Boc-piperidin-4'-yl)C(0)NH-]ben2yl. 
3-{piperidin-2'-yl-C(0)NH-lben2yl. 3-(piperidin-4'-yl-C(0)NH-]benzyl. 

3- ((r-Boc.pyrn)lidin-2'-yl)C(0)NH-]ben2yl, 4-((3'-Boc-thia2oUdm^'- 
yl)C(0)NH-]benzyl. 4-(CHj-NHC(S)NH)benzyl-. 4-((pyrrolidin.2'- 

20 yl)C(0)NH-]benzyI. 4-{<r.4'-di(Boc)piperazin-2'-yl)-C(0)NH-]benzyl. 

4- l(iV.toluenesulfonylpyrrolidin-2'-yl)C(0)NH-]butyl. 4-[-NHC(0)-l '-N- 
Boc-piperidin-2'-yll-benzyl, 4-(-NHC(0)-piperidin-2'-yl]-bcnzyl. 4.[(r-N- 
Boc-2'.3'-dihydroindolui-2'-yl)-C(0)NHl-ben2yl, 4-((l '•Cbz-piperidin-4'- 
yl)C(0)NH-]benzyl. 4-(.NHC(OHl'.2'.3',4'-tetrahydro.N-Boc.isoquinolin. 

25 .3'-yll.benzyl. 4.{(r-Boc-piperidiii-4'-y|)C(0)NH-lbenzyl. 4-((r- 

metfaoxycarbonylpiperidin-4'-yl)C(0)NH-lbenzyl. 4-[(4'.phenylpipCTidin-4'- 
yl)C(0)NH-]bcnryI, 4-((4'-phenyl-r-Boc-piperidin-4'-yl)-C(0)NH-lbenzyl. 
4-[(4'-raethyipipera2in-l'-yl)C(0)NH-)beniyl.4.{(pyrrolidin-2'-yl)C(0)NH- 
]benzyU 4-(-NHC(0)-pipcridin-r-yl]bcn2yl. 4-((iluomorpholin-4'-yl 

30 sulfoneH:(0)NH.lbenzyl. 4-[-NHC(0)-4'-{l-benzylpiperidinyl)lbenzyl. 
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4-(-NHC(0H 1 ' »2 ' .3 ' ,4'-tetrahydro-N-Boc-quinolin-2'-yl)-bcnzyl, 
^[(pyrrolidin-r-yl)C(0)NH-]ben2yl and 4.((l-cyclopropylpiperidm-4'. 
yl)C(0)NH-lbenzyL 



23. A pharmaceutical composition according to Claims 13 or 14 
wherein is selected from the group consisting of 2.4-dioxo- 
ietrahydroftiran-3-yl (3.4-enol), methoxy, eihoxy, /jo-propoxy. n-buioxy, r- 
butoxy. cyclopentoxy, n^e^-pcntoxy, 2-a-aa-propyl-4-p.methylcyclohexoxy, 

2- p-isopropyl-4.p-methylcyclohexoxy. -NHj, benzyloxy, -NHCHjCOOH, - 
NHCH1CH2COOH, -NH-adamantyl, -NHCH^CHiCOOCHjCH,, -NHSO:-/>- 
CHj-<t>, -NHOR* where R» is hydrogen, methyl, /jo-propyl or benzyl, 0.(N- 
succinimidyl), -0-cholest-5-en-3-p-yl. -OCHrOCfOCCCHj),, 
-0(CH2),NHC(0)W where 2 is 1 or 2 and W is selected from the group 
consisting of pyrid-3-yl. N-methylpyridyl, and N-methy|.l,4-dihydro-pyrid- 

3- yU -NRX(0)-R' where R' is aryl, heteroaryl or heterocyclic and R' is 
hydrogen or -CHiCCOOCHjCH,. 

24. A method for binding VLA-4 in a biological sample which 
method comprises contacting the biological sample with a compound of ' 
Claim 1 or 2 under conditions wherein said compound binds to VLA-4. 

25. A method for treating an inflammatory condition in a mammalian 
patient which condition is mediated by VLA-4 which method comprises 
administering to said patient a therapeutically effective amount of the 
phannaceutical composition of Claims 13 or 14. 

26. The method according to Claim 25 wherein said inflammatory 
condition is selected from the group consisting of asthma, Alzheimer's 
disease, atherosclerosis, AIDS dementia, diabetes, inflammatory bowel 
disease, multiple sclerosis, rheumatoid arthritis, tissue transplanation, tumor 
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metastasis, meningitis, encephalius. stroke, nephritis, retinitis, atopic 
dermatitis, psoriasis, myocardial ischemia and acute leukocyte-mediated lung 
injury. 
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